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ABSTRACT

Over the period FY81-FY86, the U.S. Army obtained some 351,000 GSA
(IISDG, TSC I-liA mental category) recruits at a total incentive cost (in
FY86 dollars) of $1.17 billion; approximately two-thirds of these !ecruits
received a monetary incentive, either the ACF or an EB. Monetary
incentives (as well as nonmonetary incentives such as 2-year term, unit of
choice, etc.) expand the market and redistribute recruits over the critical
MOSs. Currently, USAREC spends nearly $150H annually on such incentives.

The level and mix of the incentives needed by MOS are strongly
dependent on the GSA quotas needed in the MOS, GSA quotas outside the MOS,
non-GSA quotas, the level of other Army resources (recruiters, advertising,
military pay, etc.), and the general recruiting environment (unemployment
rate, QHA, etc.).

The general thrust of this effort has been to make available to USAREC
a user-friendly PC program, documented and validated, to aid in allocating
enlistment incentives by MOS. Tc can be used in a budget generation.budget
defense mode, as well as in a budget ex-tcution mode. It can also help
explore the budget Impacts of different scenarios, actuarial cost estimates
of the ACF, and the usage of guidance counselor incentives.

The computer models were built using quarterly battalion-level data,
including data on the actual numbers of GSA contracts obtained by MOS, by
type of incentive, the level of EB given, the mix of terms of service
obtained, the recruiting environment present, and the levels of other Army
recruiting resources expended. The decision parameters can be continually
updated as more experience becomes available. Finally, the models can be
enhanced to deal with the trade-offs between nonmonetary versus monetary
incentives, different advertised values of the ACF, size of GSA-eligible
population, Reservist requirements, Federal Loan Repayment Program, etc.
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1.0 INTRODUCTION

1.1 OVcI'Vew

This report represents the final deliverable of a 12-munth study begun in

lace September of 1988. A mid.project report was delivered on May 1, 1989,

ontitled, "The Optimal Allocation of Army Enlistment Incentives by MOS:

Analyses of CY86-CY87 ExperLenco, Impacts of Nonmonetary Guidance Counselor

Incentives, and PC Software." Figure I is an overviow of the software

generated, geared to improving the allocation of both nonmonecary and monetary

onliscment incentives used by the U.S. Army to attract quality recruits. (Quality

refers to those recruits wich a so-called GSA designation who have, or will

have a high scshool degree diploma and who score above the 50th percentile on

the Armed Forces Qualification Tests.) The mathematical foundations, developed

in the first phase and extended in the second, are available in the Appendix.
l

Guidelines as to the level and mix of incentives warranted by MOS becomes

especially significant when one realizes that the Army is forced by Congress

not to comingle funds earmarked separately for ACF and EB expenditures.
2

Hence, USAREC needs a ucilination plan for splitting its incentive Finds to

achieve the quotas desired, and to do so efficiently.

1. See also, Level, C.A.K., and Mercy, R.C., "The Optimal Allocation of
Consumer Incentives: An Application to U.S. Army Recruitiitg," Mnnagement
Science (forthcoming).

2. Only $10H can be reprogrammed without congressional approval, a small
percentage. Part of the rationale for this noncomtngling is due to the
distinct roles of the EBs and ACF, whereby the ACF is viewed as a method for
expanding the general supply, while the EB is viewed more as a redistribution
mechanism (among MOSs). In keeping with this philoropby, the ACF benefit is
advertised, but the EB benefit is not.

1



Fkgurc 1. npmt4i nd outputs for tho Budget Generation and Incentive Mix
Allocation Progrnm Related to enliscment incentives by MOS

ARMY NONMONETARY INCENTIVES TO BE
APPLIED for period in question by MOS

(e.g., unit of choice)

GSA NET CONTRACT GOAL for OS TOTAL MINIMUM INCENTIVE
for period in question; can I EXPENDITURES NEEDED BY MOS
also accept goal broken down
by term of service MOST COST-EFFECTIVE LEVEL

OF EB AWARD (IF ANY)

FORECASTED MOS DEP LOSS FACTOR 7 PERCENTS OF INCENTIVE EXPENDI-
(for period in question) ., . TURES SPENT ON EBs VERSUS ACF

ENLISTMENT
AN'TCIPATED DEMOGRAPHICS INCENTIVE _ FORECASTED NUMBERS OF ACF
(unpmployment race, QA, _ ALLOCATION -AND EB TAKERS
season of year, etc.) for MODEL
period in question AT HOS LEVEL

IMPACT ON COST AND MIX
_______ - OF INCENTIVES BY ADDING/

ESTIMATED ACTUARIAL REMOVING guidance counselor
COST PER TAKER incentives or nonmonetary
FOR ACF INCENTIVE Incentives

CO O E SCENAr ANALYSES (vary
COMPETITION EFFECTS -. goal, ix of term of
(total of GSA goals for all service, recruiting
other Com.bat Arms MOSs; also / environment, sizo of EB, etc.)
total goal for non-GSA
contraccs)

APPLICATION OF ANY 7 LEVELS OF OTHER ARMY RESOURCES
GUIDANCE COUNSELOR TO BE EXPENDED FOR PERIOD
INCENTIVES FOR MOS IN QUESTION (e.g., recruiters)
IN QUESTION

2



Discerning the efficient mix by MOS is not an easy task, sinne the only

data available are what has actually been expended; such expenditures may or

may not have been cost-effective. Inferring efficient behavior from perhaps

inefficient behavior is the key task at hand. The analytic strategy must also

deal with the competitive effects associated with simultaneous GSA goal

requiremants for other MOSs and non-GSA contraut goals, as well as the complex

recruiting environment. As described in detail in the Appendix, the analysis

doo this by generating separate estimates of t1i parameters dcscribing the

recruiting technology3 , as well as the parameters describing over- or

underutilizacion of monetary incentives, relative to the cost per unit of

using those incentives, It accomplishes this through the use of simultaneous

regression modeling, whereby a system of equ tons is estimated simultaneoLsly

to approximate a so-called cost frontier. The statistical programs for

accomplishing this are being made available to USAREC as part of the

deliverable.

1.2 A KeX Purnose of the Seepnd-IalF Effort: Vnlidntion

One of the major tasks in the second phase of the year-long project has

been to "validate" the results of the budget generation model, developed In

the first phase of the project. Recall that eight quarters of battalion-

level data (from January 1986 to December 1987) were used to build MOS-

specific econometric models. Eight different models were built: one for each

3. For example, curvature parameters related to isoquandts.

3



of six costly Combat Arms MOSs, namely, UiX (Infantry); 12B (Combat Engineer):

13B (Canon Crewman); 13F (Fire Support Specialist); 19D (Cavalry Scout);

19K/19X (Armor Crewman): one for the aggregation of the 23 remaining smaller

Combat Arms MOSs; and one for the aggregation of all non-Combat Arms MOSs.

These models, in he first phase, were applied to the seventh and eighth

quarters and produced very reasonable resulrs on the "within sample" data.

However, the real test of the model is to exercise the budget generation model

for quarters outside the sample data (on which the model was built) and

discern its performance. ience, one of the thrusts of this second-phase

effort has been to exercise individually the eight MOS budget models for the

two key quarters of January-March 1988 and April-June 1988, and to compare the

projections from the models with what really happened.

By exercising a model, we are referring to the process depicted in figure

1. Note that the user inputs the following factors into each MOS budget odel:

the distinct numbers of GSA enlistments desirud (or actually obtained) for each

of the 2-, 3-, and l-year (or more) terms for the MOS ond quarter of Interest ;

the total number of GSA enlistments desired (or actually obtained) in other

Combat Arms MOSs for the quarter in question (a competitive factor); the number

of non-GSA enlistments desired (or actually obtainei over all MOSs for the

quarter in question (a second type of competicive factor); the anticipated (or

actual) demographics and recruiting environment expected for the quarter in

4. The ability to deal with this level of detail enables the user to
describe quotas in terms of man years (both Active Duty and Reservist) as well
as contracts.

4



question (these are averages for the quarter in question, e.g., the average

unemployment rate across all battalions, the average number of recruiters in the

field, etc.); the weighted actuarial value of the ACF benefits; whether any

nonmonetary benefits will be (or were) available for the KOS in question (e.g.,

unit of c.hoice); w#hther or not special guidance question; and the average

percentage of the GSA contracts tor the KOS in question anticipated to be (or

actually were) sold off the first three screens6 . Given these inputs into each

of the eight econometric models, the PC models produce as outputs the following

proj ections:

1. The trcal efficient incentive cost needed by NOS to meet the given

quotas in the environment specified;

2. The efficient level of the EB award 7 by HOS;

3. The efficient split into ACF and EB incentive dollars by MOS;

4. The projected number of ACF and EB takers.

5. This was based on the DOD actuarial cost estimates, required to be
escrowed for each ACF taker, in October 1988. The levels at the time were
$2,888 for each 2-year award, $3,750 for each 3-year award, and $3,895 for
each 4-year award. Very recently, DOD approved an actuarial cost for each ACF
taker at costs substantially lower than the above. See Section 6 for a brief
excursion on the impact of such a reduction using the Army Research
Institute's estimates of the 2-, 3-, and 4-year ACF costs of $2,652, $1,618,
and $1,152 respectively.

6. This represents a second type of guidance counselor incentive.

7. For the validation exercises, the actual level of the average EB
award per taker was also an input to the model. The final PC model takes as
an input a suggested EB award level for each KOS and then searches in
increments and decrements of $500 for the most cost-effective award level,
i.e., an EB award level that minimizes the total incentive costs needed for
the NOS to meet the desired quotas for the HOS in the recruiting environment
postulated.

5



In the validation phase, the levels of these projected outputs can be

compared to the actuals, and a degree of "reasonableness" Attached to the

models. fHowever, it must be recognized that the models are designed to predict

the "efficient" or minimum total incentive costs needed to reach the

prespecified levels of GSA contracts desired (or obtained). Hence, using the

a.tual costs as a validating benchmark leaves open the following legitimate

possibility: for a given OS and quarter, the model's predictions and actuals

could be different if the incentive allocations actually used for that KOS and

quarter were nou as cost-effective as possible. If this case occurs (as it does

occasionally), it behooves us to understnnd and rationalize any differences.

1.3 Overvow of Resulis of ValdArtlon Exercises

By way of summary, over all Combat Arms MOSs, a total of 9,878 gross GSA

contracts were actually obtained over quarters 9 and 10 (January-June 1988) at

a total associated incentive expenditure of $25.277M. The exercised models

predicted an expenditure of $22.58H (or some 10.7 percent less) for exactly

the same levels and mix of GSA contracts (by OS and term of service), same

level of EB award per taker, and same total level of non-GSA contracts.

Hence, if the split of EB/ACF allocations had been optimized (and if perfect

foresight of the recruiting environment to be contended with had been

available), the econometric budget models, built on the previous eight

quarters of experience, would have predicted overall about a 10 percent

reduction from what was actually spent. Secondly, if the models built on all

10 quarters of data had been used for the projections, the models would have

predicted within 2 percent of the total amount actually spent for all HoSs

(see table 1 for an overall summary of the validation efforts).

6
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It is felt that these overall projections render the models quite credible.

For the few instances where the eight-quarter budget models predicted

considerable loss than what was spent, we have Argued that the Actual

expenditures in that quarter were not as cost-effective as possible, had the

Army had perfect foresight of the environment to be dealt with.

1.4 Rerort Orraizncion

A second thrust of the effort since May 1989 has been to reestimate the

parameters used in the Budget Generation Software, based on 10 quarters of data

rather than the eight used in the first phase. The now estimated parameters

are, in general, quite close to the earlier ones, demonstrating the genernl

stability of the estimation procedure. The %iow Budget Generation Software,

together with documentation and the computer programs so USAIREC can continue

such updating, constitute the final deliverables.

The remainder of this final report is organized as follows. Section 2.0

presents an overview of the actual situation Xor the new quarters 9 and 10, by

HOS, and compares the actual outcomes with the actual outcomes one ycar And two

years earlier. This type of informwation is of interest In attempting to assess

whether the actual expenditures in quarters 9) and 10 were reasonable in light of

the many changes taking place. Section 3 deals with the validation results, and

Section 4.0 with the updating of the models' parameters, based on a merging of

all 10 quarters of data. Section 4.0 also contains the new set of projections

for quarters 9 and 10 using the updated parameters from all 10 quarters of data.

(These are the parameters in the final software delivered to USAREC on August

31, 1989.)

10
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Section 5.0 is an illustration of how the budget program can be used to

determine the proper level of the EB award for a given MOS, gtven the quotas

needed and the anticipated recruiting environment. Section 6.0 is a preliminary

excursion projecting, for MOS 1iX, th& possible impacts of reduced actuarial

cost estimates for the ACF incentives. However, we must caution that the

projections utilize inputs of ACF actuarial costs per taker that are far

different from the ones used to build the models; hence, any prjecctions must be

viewed wfth care. If it is desired to use the models in the context of the

recently approved (by DOD) ACF actuarial costs, the models should be

reestimated. Section 7.0 lists other enhancements to the models that might be

considered. The Appendix contains the mathematical development of the model.

2.0 OVERVIEW OF SITUATION FOR 9TH AND 10 QUARTERS

2.1 CompArisan of Actunls with Those of One Year and Two Years Earler

Before getting into the validation itself, it is insightful to compare the

actuals for each MOS for the 9th and 10th quarters with the actuals for the same

key demographics, recruiting resources, and contract attainments for the eight

MOS groups. Table 2 covers the situations for the 9th, 5th, and Ist quarters

(i.e., the January-March time period); table 3 for the 10th, 6th, and 2nd

quarters (i.e., the April-June time period). All contract totals are for gross

8contracts, unnettod for attrition in the Delayed Entry Program8 . This attrition

8. The use of gross contracts by the analysts lagreed upon by USAREC)
was necessitated by the manner in which DEP attrition ....,dndled in the Arm '
records. For example, a contract signed in January but attriting in July
actually decrements the contract total in July rather than in January. The
final Budget Program can estimate the incentive cost needed by MOS to
arrive at a given number of net contracts, by factoring the desired net
contracts by the forecasted DEP attrition rate to arrive at the needed gross
contracts for the MOS in question. See the User Manual i..r details.
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averaged 7.33 percent over all MOSs for CY86-CY87.

As an ixample of the typos of Insights available, note that for January-

March, 1988 (table 2) the average incentive cost per GSA contract over all HOSs

was $1,424, down nearly $1,200 from that of two years earlier. The same order

of savings applies for the April-June 1988 period (table 3), these savLgs no

doubt being possible due to the use of guidance counselor incentives and other

nonmonotary mechanisms. Next, compare in detail the situation for llx for

quarter 10 (April-June 1988) with that of Just one year earlier (table 3). Note

that in spite of the substantially smaller total number of GSA contracts

obtained in 1I.% in the 10th quarter relative to the 6th quarter (April-June

1987)--i.e., 2,329 compared to 2,860 (a 19 percent drop--the average incentive

cost per GSA contract in 1IX is up about 27 porcent. This is in spite of a

smaller total number of GSA contracts over all MOSs in the 10th quarter (i.e.,

14,170 versus 16,795), and a smaller total number of non-GSA contracts (10,849

versus 11,692). Also, in the 10th quarter there were 183 percent (3.7%) more

recruiters present. On the other hand, the somewhat more difficult recruiting

environment included a 0.9 percent drop in the unemployment rate and a slightly

smaller total QMA. Note that this some phenomenon of lower GSA contract totals

but higher average incentive cost per GSA contract alsc occurred for 13B (Canon

Crewman) and for 13F (Fire Suport Specialist). While the total number is about

the same for the grouping of smaller Combat Arms MOSs, (i.e., 788 GSA contracts

in quarter 10 compared to 764 in quarter 6), the average incentive cost per GSA

contract is up over 25 percent from the level in quarter 6. Note, on the other

hand, that the average incentive cost per GSA contract is much smaller between

quarter 10 and quarter 6 for MOSs 12B and 19D, no doubt due in part to the

drastically reduced levels of GSA contracts needed in those MOSs.
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Finally, while the average incentive cost for 19K/19X, is up dramatically

(from $2,304 to $3,165), the number of GSA contracts is also up sharply in the

MOS, confirming the expected increasing marginal costs related to incentive

usage. We also note for all non-Combat Arms MOSs, that the average incentive

was about the same, despite a 16 percent drop in the number of GSA contracts

obtained.

These inconsistencies suggest that some of the incentive usage for quarter

10 for selected MOSs may not have been the most cost-effective. The other real

possibility is that there may be some missing key demographics that explain the

sharp rise in the 10th quarter or that the 0.9 percentage point drop in the

unemployment rate is the cause. As an example of the former, the number of GSA-

eligible individuals may have dropped sharply over that year. Since information

on the size of the GSA-eligible population is not available, this could help

explain the differences observed.

Finally, to further exacerbate the evaluation of the relative performance

of quarter 10, compare the 9th quarter (January-March 1988) in table 2 with that

of a year earlier. For fully seven of the eight MOS groups, the average

incentive cost per GSA contract is lower than for a year earlier, the only

exception being for 19K/19X, which can be explained because of the sharply

higher level of contracts needed between the two quarters. Hence, the

unanswered question is: "What happened between the 9th and 10th quarters

compared to matched periods a year earlier to give rise to the anomalies

observed?" These anomalies will be dealt with further when we compare the

projections of the efficient incentive budgets needed for the 10th quarter with

that actually spent.
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3.0 VALIDATION EXERCISES

3.1 Validation Exorcist fer MOS 1IX. Quarter 9

Consider first the 9th-quarter results, Upon exercising the budget

generation model for MOS 11X for the 9ch quarter, the model (based on eight

quarters) predicted a total incentive cost that was 3 percent less than what

was actually spent, a very reasonable level. In the second column of table

4, we see the model would spend 27.8 percent of the total on the EB, compared

to the 55.7 percent actually spent. Presumably, the model is recognizing the

high cost of the actual average EB award (at $4,105 each) compared to an

average cost per ACF award of $3,195.

To help verify the model's recommendation of having less reliance on the

EB mechanism at this level of award (i.e., $4,105)), consider the experience

over the previous eight quarters on which the model was built, with the EB

level ranging from $2,500 to $5,000 (table 5). Note that the fraction of the

total incentive dollars spent on the EB for MOS IX varied drcstically by

quarter. Table 5 su arizes the actual experience over the 10 quarters.

18
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Table 5. Summary of actual experience for MOSIIX over 10 quarters

Fraction
of Total

Incentive
Expenditures Number of Avg. Cost/GSA

Average for 1iX GSA Contracts Recruit
J L=4-I E. en 92 Obtnned in MI in i!m

Quarter 1 $4,60, 61.1% 1,878 $3,922

Quarter 2 $4,512 61.5% 2,428 $3,869

Quarter 3 $4,929 59.2% 2.496 $4,044

Quarter 4 $3,980 49.5% 2,521 $3,356

Quarter 5 $2,709 33.0% 2,752 $2,750

Quarter 6 $3,500 43.8% 2,860 $2,298

Quarter 7 $3,500 26.5% 2,462 $1,739

Quarter 8 $3,500 28.5X 2,263 $1,916

Quarter 9 $4,105 55.7% 2,807 $2,703

Quarter 10 $4,347 65.8% 2,329 $2,924

Note the wide variation for MOS 1IX in average cost/GSA contract, ranging from

$4,044 in quarter 3 to $1,739 in quarter 7 (just one year later). Note in

these two quarters that the number of GSA contracts obtained in 1IX was about

the same.

Note that the efficient forecasted fraction of the total incentive

expenditures for the EB for the 9th quarter for IIX is 27.8 percent, much

closer to the actual experience for the 5th, 7th and 8th quarters. Note, too,

that for a similar January-March period a year earlier, i.e., quarter 5, the

level of GSA contracts obtained in IX was about the same, with only 33
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percent of the total incentive budget going to the EB side.

Hence, on balance, the projections for quarter 9 for KOS lX appear quite

reasonable. The total projected cost is 3 percent loss than actual, the total

number of ACF and EB takers is about the same, and the recommended shift

towards the ACF side is in keeping with P.he experience of the recent past.

3.2 Validation Exorcise for MOS llX. Ouarter 10

Consider next the same issues for quarter 10, the quarter with the

apparent anomaly for llX raised in Section 2.0. Here, we find a large

departure between the projected cost of $4.499H and the actual cost of

$6.830M, a drop of 34 percent. We also note that at this level of average EB

award (i.e., $4,348), the budget generation model would recommend spending

only 29 percent of the total incentive expenditures on the EB mechanism,

compared to the 65.8 percent actually spent. To complete the validation

process, we must understand why the budget generation model for 1IX,

predicting cost-effective behavior, is substantially less than what actually

happened.

To facilitate this, consider in detail the actual experiences for matched

quarters, i.e., those for the 10th quarter and one year earlier, or April-June

1988 and April-June 1987. Consider table 6 which focuses on OS IX alone.

Then, for quarter 10 relative to quarter 6, we observe the following:

I) From column 1, quarter 10 has far fewer (18.6 percent) total GSA

contracts in 11X, but the average GSA contract in 11X is 26 percent

more expensive than in quarter 10. This is just the opposite of

what one would expect, since the marginal cost per additional GSA

recruit in 1IX should be at

22
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least nondecreasing. Indeed, the overall cost elasticity on GSA

contracts in 1IX was previously estimated to be about 2 percent. If

this were the case, the 18.6 percent drop in GSA contracts in

quarter 10 should be associated with about a 37 percent drop in cost

(note that the budget generation model for 1X predicts such a drop

in the budget, reflecting the large drop in the quantity of GSA

contracts actually obtained). Hence, we have our first indication

that the actual expenditures for 1IX in quarter 10 might have been

excessive.

ii) Could factors related to the environment have legitimately

contributed to quarter 10's actual large incentive cost for 11X

(compared to the projection)? Compared to quarter 6 (one year

earlier), quarter 10 had: nearly 200 more recruiters available than

in quarter 6; recruited 1,000 less GSA man years in 11X; had a much

easier competitive situation to deal with (i.e., only 11,791 GSA

contracts were obtained in Combat Arms MOSs outside 1IX in quarter

10 compared to 16,857 in quarter 6); and had much lower total non-

GSA contract production (i.e., 10,789 in quarter 10 compared to

11,692 in quarter 6). On the negative side, the unemployment rate

was about 0.9 percent less in quarter 10, (i.e., 5.54 percent, down

from 6.45 percent) and the QMA available was down about 3 percent.

These last two considerations notwithstanding, the 26 percent

increase in actual average cost per GSA contract for quarter 10 for

11X (relative to quarter 6) does not appear to be defensible.

Indeed, the budget generation model, while adjusting for the more

difficult unemployment rate and slightly lower QMA, is basing its
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projection for quarter 10 to a large degree on the actual

experience of a year earlier.

III) Could dLfferences in guidance counselor practices explain the

Increased cost in 11X? Indeed, just the opposite appears to be

the case. In quarter 10, 98.6 percent of the GSA contracts in 1iX

were being sold off the first three screens, compared to 39.8

percent a year earlier. If anything, one would expect this

mechanism to lower the monetary incentive costs needed.

iv) Finally, in addition to the much lower total GSA contracts

obtained in quarter 10 than in quarter 6, we note the very large

drop in 2- and 3-year terms, and the increase in the number of 4-

year term concracts obtained in quarter 10. While delivering more

Active Duty man years, the 4-year (or more) term contracts

typically have a much higher portion of individuals who receive

neither the ACF nor the EB; (see table 6, last three columns):

i.e., they sometimes take the unit of choice (forfeiting any

monetary benefit) or are participating in the Federal Loan

Repayment Program.) Note that in quarter 6, fully 58.7 percent

(731 of the 1,244 4-year GSA contracts) received neither the ACF

nor the EB. However, in quarter 10, only 538 (35.4 percent) of

the 1,518 GSA, 4-year contracts, received neither the ACF nor the

EB benefit. This further suggests that the actual utilization of

incentives by 4-year individuals in quarter 10 may have been

anomalies compared to the experiences in quarter 6.
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Hence, for a variety of reasons, we feel that the efficienc budget

projection for llX for quarter 10 is quite intuitive, even though it is some 34

percent lower than what was actually spent.

Having gone through the validation exercise for lX in some detail, we now

present a summary of the validation exorcises for all MOSs. Table 7 shows that

the actual incentive cost in quarters 9 and 10 over all Combat Arms MOSs to

obtain 9,878 total GSA contracts was $25.277M; the total projected amount for

this period is $22.58M, or about 10.7 percent less. Further, instead of

spending about 50 percent on the EB mechanism, the budget projection (based on

the previous eight quarters) would have apportioned only 28.4 percent the

balance being for the ACF. Finally, in actuality nearly 73 percent of tha

Combat Arms GSA contracts received either the ACF or the EB; the budget model

predicted a 67.8 percent "take" rate. Part of the difference may be duo to the

sizes and mixes of the individual quotas (within the aggregate of the smaller

Combat Arms MOSs), thereby requiring less use of monetary incentives. The

higher budget projected for all non-Combat Arms MOSs than was actually spent is

due to the higher assumed "take" rate needed (i.e., 31 percent compared to the

actual of 27.1 percent) to obtain the desired number and mix of term. This can

similarly be due to a different mix of GSA contracts obtained across the

hundreds of non-Combat MOSs in quarter 9 than were obtained over the earlier

periods.

4.0 REVISED ECONOMETRIC MODELS, USING ALL 10 QUARTERS OF DATA

4.1 Purpose

Having completed the validation phase (by exercising the econometric models,

built on eight quarters of data, on quarters 9 and 10, and by comparing the

26
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forecasted results with the actual results) (sea Section 3.0), the next step

was to update for each MOS the parameters of the econooetric Translog

£unction, using all 10 quarters of data. The new results are shown in cables

8, 10, 12, 14, 16, and 18. Each table has two zets of parameters, one for the

total cost equation and one for the El cost-share equation, the parameters

being established simultaneously, using the Seemingly Unrelated Regression

Package of SAS. For comparison purposes, the earlier estimaced parameters

(using eight quarters of data) are also included (see tables 9, 11, 13, 15,

17, and 19).

Note that the reestimation could not be performed for MOS 12B and MOS 19D

because ro incentives were given for these MOSs for the 9th and 10 quarters

(due to the very small quotas). The final regression parameters for 12B and

19D, based on eight quarters of data, are presented in tables 20 and 21,

respectively.

4.2 Discussion of Regression Parameter Results for lIX

Consider first a comparison of the results for IlIX (tables 8 and 9).

0) To begin with, the key intercept in the ES cost share is about the

same, at the level of about .27. The other parameters in the EB

cost share equation have roughly the same magnitude and sign.

ii) Additionally, the degree of allocative inefficiency seems to have

decreased, i.e., over the eight quarters of data, the econometic

rodel predicted that the EB mechanism was significantly

overutilized. This prediction was based on a difference of

approximately .23 in the intercept of the EB cost-share equation

and the coefficient of the logarithm of the price of the EB

(at .042) in the cost equation. When we now merge quarters 9 and
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Table 8. HOS 11X regression results-10 qcrs.

tocal cost

SYSTEM VEIGHUED XSE IS 1.05646 VITh 1049 DEGREES OF FREEDOK
SYSTEM VEIGHTED R-SQUARE IS .883736

MODEL: EQ1 JGLS
DEP VARIABLE: LNCOST

PARAMETER ESTIMATFS

PARAMEZER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PAP.AMTER-O

INTERCEP 0,67007043 0.20431297 3.280
LYl 0.48309595 0.04232395 11.414
LY2 0.33257556 0.2983333 11.148
LY3 0.17547362 0.05554682 3.159
LOTHGSA -0.0266452 0.03128752 -0.852
LPEB 0.23432885 0.06306044 3.724
LPACF 0.76517115 0.06306044 12.134
LY1SQ 0.14320305 0.01202661 11.907
LY2SQ 0.09140506 0.008823514 10.359
LY3SQ 0.19100066 0.02738772 6.974
LYlY2 -0.0991912 0.01214626 -8.166
LYIY3 -0.0871681 0.01894533 -4.601
LY2Y3 -0.0340778 0.01536767 -2.217
LPACFSQ 0.54743450 0.03309226 16.543
£4 0.54743450 0.03309226 16.543

LPAPEB -0.547435 0.03309226 -16.543
LPAYI 0.12977762 0.008321173 15.596
LPAY2 -0.0426344 0.006116476 -6.970
LPAY3 -0.106122 0.01111044 -9.552
LPEEY1 -0.129778 0.008321173 -15.596
LPEBY2 0.04263444 0.006116'6 6.970
U2EBY3 0.10612181 0.01111044 9.552
UZONGSA 0.004130914 0.0272976 0.151
STATIOND 0.02898258 0.01693149 1.712
UNITD 0.05802056 0.02527549 2.296
LRECRUIT -0.00157834 0.00860975 -0.163
POINTS 0.15021383 0.03576063 4.201
LQMA 0.02672571 0.03061756 0.873
LUNEP 0.05018336 0.0246803 2.033
LPCPRES 0.01403589 0.009146256 1.535
QD1 0.27137626 0.02047708 13.253
QD2 0.20488135 0.01997541 10.257
QD3 -0.00825122 0.0219.'1. -0.376
YPJ86 0.47690541 0.03V" i " 15.507

MOS ILX regression resulk,- 10 -jcrs.
enliscmenc bonus c~s;, -+

MODEL: EQ2 JGLS
DEP VARIABLE: SHREB

PARAMETER ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARAMETER-O

INTERCEP 0.27158158 0.03023953 8.981
LPACF -0.547435 0.03309226 -16.543
LPEB 0.54743450 0.03309226 16.543
LYl -0.129778 0.008321173 -15.596
LY2 0.04263444 0.006116476 6.970
LY3 0.10612181 0.01111044 9.552

33



Table 9. MOS 1IX rogessLon results-8 qCrs.
tocal cost

SYSTEM EIGHTED HSE IS 1.017074 VITH 835 DEGREES OF FREEDOM
SYSTEM WEIGHTED R-SQUARE IS 0.904013

MODEL: EQ. JGLS
DEP VARIABLE: LNCOST

PARAMETER ESTIMATES

PARAMT, STANDARD T FOR HO:
VARIABLE ESTIHAT ERROR PARAMETER-O

INTERCEP 0.87821120 0.21994976 3.993
LYl 0.46897631 0.4310638 10.880
LY2 0.32552262 0.0391289 8.319
LY3 0.15372507 0.05719741 2.688
LOTHGSA .0.00608371 0.0332281 -0.018LPEB 0.04215031 0.1244929 0.339
LPACF 0.95784969 0.12449292 7.694
LYISQ 0.13287558 0.01200649 11.067
LY2SQ 0.10363877 0.009519558 10.887
LY3SQ 0.11937111 0.2944069 4.055
LY1Y2 -0.121372 0.0185603 -9.441
LY1Yl -0.0412481 0.02000112 -2.062
LY2Y3 -0.00621761 0.01870701 -0.332
LPACFSQ 0.43610309 0.03840985 11.354
LPEBSQ 0.43610309 0.03840985 11.354
LPAPEB -0.436103 0.3840985 -11.354
LPAY1 0.11048883 0.009614398 11.492
LPAY2 -0.0700368 0.007619581 -9.192
LPAY3 -0.0700653 0.01329465 -5.270
LPEBYI -0.110489 0.009614398 -11.492
LPEBY2 0.07003676 0.007619581 9.192
LPEBY3 0.07006334 0.01329465 5.270
LNONGSA -0.0375201 0.02928012 -1.281
STATIOND -0.0161682 0.01755424 -0.921
UNITD 0.05010037 0.02679319 1.870
LRECRUIT -0.00682794 0.008147341 -0.838
POINTS 0.20783087 0.05339555 3.892
LQMA 0.04573874 0.03198417 1.430
LUNEMP 0.0646784 0.02567734 2.519
LPCPRES -0.00125711 0.008724379 .0.144
QD1 0.27593322 0.3666609 7.526
QD2 0.12758593 0.2247291 5.677
QD3 0.01587246 0.02400725 0.661
YRD 0.49323262 0.3701186 13.326

MOS 1IX regression results-8 qcrs.
enlistment bonw: cost share

MODEL: EQZ JGLS
DEP VARIABLE: SHREB

PARAMETER ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARAMETER-0

INTERCEP 0.27275596 0.3440188 7.929
LPACF -0.436103 0.03840985 -11.354
LPEB 0.43610309 0.03840985 11.354
LYl -0.110489 0.009614398 -11.492
LY2 0.07003676 0.007619581 9.192
LY3 0.07006534 0.01329465 5.270
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10 together with the original eight quarters of data, the

difference in the intercept of the EB cost-share equation and the

logaralhm of the price of the EB in the cost equation is now

only .037. This result implies that while the actual EB cost

share was 48.4 percent, over the 10 quarters it should have

averaged 44.7 percent, or about 3.7 percentage points less, a very

credible result.

Consider, too, some of the other insights from the new econometric results

for 1iX that help to instill "reasonableness" in the estimated parameters.

i) As the number of 3-year termars (denoted Y2 in tables 8 and 9) and

4- year termers (denoted Y3) increase, there is much more reliance

on the EB mechanism. Also, as the number of 2-year recruits (YI)

increases, there is much less reliance on the EB (as, of course

there should be) since the EB is not available for 2-year

recruits.

ii) As the price of the EB award goes up, a larger fraction of the

total incentive cost goes towards the EB, due to its higher per

unit cost.

iii) As the quotas for any of the three types of contracts increase,

the cost increases, as expected.

iv) The total cost increases if the price per unit of the incentives

increases.

v) The positive coefficients associated with the squared contracts of

each type imply that the cost elasticities, relative to the

numbers of contracts required, are increasing, as expected.
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vi) As before, the sign on the unit of choice dummy implies that

making available the unit of choice for UIX increases total GSA

4-year cantract production.

vii) Awarding guidance counselor points increases GSA contract

production, as previously found.

viii) An increasing unemployment rate viii lead to more GSA contracts,

as previously found.

xi) The CY86 dummy is still positive implying that CY86 was more

costly than GY87 or CY88, capturing, no doubt, the impact of

fullor implementation of guidance counselor reforms.

x) The seasonal dummies reveal the same message, namely: relative to

the 4th quarter of zhe CY, costs are significantly higher in the

first and second quarters, after all adjustments.

4.3 Compnrlon of Estimated Elasticities for IIX (Bn-ed on 10 Ouargors

of Data Relative to 8 Quarters of Dan

Consider the revised estimates of the cost elasticities on the quotas for

GSA contracts in 11X, based on the 10 quarters of data. The cost elasticity

on 2-year GSA contracts (see table 8) by:

d(InC) - .483 + (.143) In(# of 2-year GSA contracts)
d(ln(# of 2-year

contracts) - .099 in(# of 3-ye&r GSA contracts)

- .087 In(# of 4-year GSA contracts)

+ .130 ln(price of ACF option)

- .13 ln(price of EB option)
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The quarterly battalion cell means (over 10 quarters) are:

# of 2-year GSA contracts in 1iX - 11.67

# of 3-year GSA contracts in 1IX - 12.99

# of 4-year GSA contracts in 1IX - 21.34

price of ACF option in 11 X - $3,279

price of EB opcion in lX - $3,968

# of 2-year ACF takers in 11X - 11.23

# of 3-year ACF takers in 11X - 6.15

# of 4-year ACF takers in 11X - 2.73

# of 3-year EB takers in 1IX 5.19

# of 4-year EB takers in UX - 11.57

Hence, cho cost elasticity for lX on the number of 2-year GSA contracts,

evaluated at the l0-quarter cell means, is .29. ;j)

Consider next the cost elasticity for 3-year GSA contracts for 1iX:

(nC) - .33 + (.091) ln(# of 3-year GSA contracts)
d(ln(# of 3-year GSA

contracts) - .099 ln(# of 2-year GSA contracts)

- .034 ln(# of 4-year GSA contracts)

- .043 In(price of ACF option)

+ 043 ln(price of EB option)
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Hence, evaluated at the 10-quarter cell means, we obtain .23. (2)

Finally, the cost elasticity for 4-year (or more) GSA contracts is:

d(InCA - .175 + (.191) In(# of 4-year GSA contracts)
d(ln # of 4-year GSA

contracts) - .087 In(# of 2-year GSA contracts)

- .034 (in(# of 3-year GSA contracts)

- .106 In(price of ACF option)

+ .106 ln(price of EB option)

Evaluated at the cell means, we get .48 Hence, keeping the mix unchanged, (3)

the overall cost elasticity on the total goal for GSA contracts for lIX is about

1.00 - .29 + .23 + .48. Hence, each 1 percent increase in the overall GSA goal

for 1IX can be expected to be accompanied by an increase in total incentive

expenditures of about 1 percent, so that constant returns to scale operate,

given the same levels of other resources.

xii) We also observe, as found previously, that the competition effects

from other MOSs were insignificant for lIX.

xiii) Consider the impact of making the unit of choice for 11X on the

production of 4-year termers in llX. (The unit of choice was made

available during the 9th quarter but not during the 10th quarter;

it was also offered for quarters 1, 2, 3, and 4, but not for

quarters 5, 6, 7, and 8.) Then:
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d(Iln(# of 4-year or more GS contracts in 1iX)
d(unit of choice)

- d(ln(# of 4-year or more GSA contracts in 11X) x d(Win gnentive cost)
d(in(incencive cost) d(unit of choice)

I/_ x .058 - .12. (The first term is the reciprocal of the result
.48 in (3).)

Upon exponenticting this, we estimate that making the unit of choice

option available for 11X would increase average quarterly, battalion

production of GSA 4-year recruits by 1.127. Since the cell means is

21.34, this represents nearly a 5.28 increase due to unit of choice

availability for 1IX.

xiv) Consider the impact of awarding special guidance counselor points or

awards for selling 1iX. (This was actually the situation for quarters

9 and 10, as it was for all other quarters except quarter 1.) The

relevant calculations are:

d(ln(# of 2-year GSA contracts in 1IX)
d(application of points)

- d(lnf# of 2-year GSA contracts 1n IX) x d(n(incentive cost)
d(ln(incentive cost) d(application of points)

- 1 x .15 - .517. (The first term is the reciprocal of the result
.29 in (1).)
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Exponanciating this, we got 1.6677 more 2-year GSA contracts per call

from awarding special quidAnca counselor points for selling lLX.

Continuing, we obtain:

d(In # or 3-year CGjA cjjjagt,
d(application of points)

-dfln(# gf-3-yeuar CGSA contracts In UIX) x A(lp(incentive cokts)
d(ln(incentive costs) d(applicacion of points)

I x .15 or upon exponentiating 1.919 more 3-year GSA cntracts
.23

par cell. (The first term is the reciprocal of (2).)

Finally,

dfln( of 4-year GSA contracts in IIX~).
d(appliclation of points)

-d(ln(# of 4-year GSA contracts-in IIX) x d~lr(incentive cost))
(d(ln(incentive cost) d(applicacion of points)

I x .15 -. 3125
.48

Exponentiating this yields 1.367 more 4-year GSA recruits. Upon

adding, we obtain an estimate of 1.677 + 1.919 + 1.367 - 4.963 more

GSA contracts per cell, an increase of 9.73X. Hence, it is estimated

that putting lIX on the special priority MOS listing (earning guidance
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counselor awards) increases total GSA contract production in lIX by

9.73 percent.

xv) Finally, consider the elasticity of the size of the EB award for IIX

on 4-year GSA contract production. The calculation is:

d(In(O of 4-yenr GSA contracts)
d(ln(level of EB award)

- d(ln( of 4-year GSA contracts) x d(Lnfingentive cost,),
d(ln(incentive cost) d(ln(level of EB award)

The first term has already been seen (see (3)) to be _J_ .
.48

Consider the second term:

d(In(Incentive cost) - .234 + (.547) In(level of EB award)
d(ln(level of EB award))

- .547 (ln(price of ACF)

- .1298 (ln(# of 2-year GSA contracts)

+ .043 (ln(# of 3-year GSA contracts)

+ .106 (ln(# of 4-year GSA contracts)

When evaluated at the overall cell means, one obtains .45 for the

above. Therefore, the change in 4-year GSA contract production for

1IX associated with a 1 percent change in the level of the EB award is

given by:

1 x .45 - .938%
.48
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Thus, based on 10 quarters of data, we estimate that increases of 1 percent

in the level of the EB award for IIX will increase GSA contract production of 4-

year eeroors by About .938 percent (or about another one-tonth of a GSA recruit

In IIX per cell).

!4e nl:t" point omct h- tr vzit~c of thi ED br M"r ',ri,- cv!, e':~h 1

qurto,-a=o $2,500 to $5,000, with a =car. (for I- and 4-ycar awards) of

$3,968. For quarters 9 and 10, the mean was rarpectively, $4,105 and $4,347,

wirh the ED cost shares being at 56 percent and 66 percent.

4,4 Cnn nrfnon of Revl.'d Reernnn PnrMtrs for r'hr MOSS

Tobles 10, 12, 14, 16, and 18 show the revised econometric para ,e-so

-*I- the complt 10q -- A----.:, fo MO~ 13 "'~ .anon "r-~a) 13F (F~rz

Support Specialist), 19K/19X (Armor Crewman), the aggregated 23 remaining Combat

A=z MOSs, and -he aggrogratcd not%-Co=bat Arms MOSs. For comparison Zake, the

regressions based on eight qurters are presented in tables 11, 13, 15, 17, and

19. The revised parameters are the ones now included in the budget generation

Ooftnware being delivered to USA£REC as part of the final produce.

As =cntcnd earlier, h.c. updatings. could not bo perfo--ed for MOS 125

(Combat Engineer) or for OS 19D (Cavalry Scout) because no ED or unit of choice

Th. . ....... .... ' d o -.. *4 .. f. -~ = - .. . . . .... . . .1 . . .. Ul..- --- - --- 3 -..-- h--!1 f--n nnnnnn- -.-- l~o

these 2 MOSs over the 9th and lOth quarters. To be specific, ovcr the 9th and

10th quarters, the total n=mber of CSA contracts for MOS 125 averaged only 146

per quartr; this is to be c.pared with an avorago of 393 GSA contractS over

the previous quarters for 12B. For 19D (Cavalry Scout), the actual average of

GSA contracts for the 9th and 10th quarters was only 95 per quarter (and all

were 4-year or more recruits); in contrast, the previous eight-quarter average
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was 277 per quarter. For these reasons, no incentives were awarded for these

two MOSs. Hence, in the budget generation software for MOSs 12B and 19D, we

continue to rely on the estimates from the eight-quarter data set (,ee tables 20

and 21).

A detailed comparison of the two sets of estimates for llX has already been

completed. The general conclusion was that the results were quite stable, with

no drastic changes in sizes and levels of significance. The EB cost-share

parameters are particularly unchanged, since it is simply "tracking" the

percentage of the incentive exponditures devoted to the EB side. The cost

equation parameters are more responsive to changes in policy, the increased

impact of the guidance counselor incentives program, etc.

Table 22 presents a comparison of two key estimated parameters for each

MOS, one based on the regression results using eight quarters and one based on

the regression results using 10 quarters. The two key parameters--namely, the

intercept in the EB cost-share equation and the coefficient of the logarithm of

the EB price--are used to assess the proper mix of the incentives. The last

columns show the change, if any, in the recommended change in the EB cost share

from the two sets of regressions.

4.5 Comarison of Actual Performances for January-June 1988 with

Projections Using Models Built from All 10 Quarters of Data

Section 3 dealt with comparisons ot the actuals for the 9th and 10th

quarters (January-June 1988) with the projections from the econometric models

built from data covering the eight quarters from January 1986 to December

1987. This constitutes a key part of the validation phase becduse only the
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Tbla 10. HOS 19X rasrtssion zesults-1O qcrs.
tocal cost

SYSTEM JEIGjITED MSE IS 1.09644 UITH 1045 DEGREES OF FREEDOM
SYSTEM VEIGHTED R-SQUARE IS 0.906867

MODEL: EQl JGLS
DEP VARIABLE: LCOST

PARAUTER ESTIMATES

PARAMETr STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARAMETER-0

IhTERCEP 0.96972248 0.26818567 3.616
LYl 0,26783624 0.01106623 24.203
LY2 0.23904310 0.0110617 21.610
LY3 0.3147278d 0.008S.)798 36.776
LOTVGSA 0.04990451 0.03850602 1.296
LPEB 0.46727810 0.0878938 5.316
LPACF 0,53272190 0,0878938 6.061
LY1SQ 0.07922072 0.005180976 15.291
LY2SQ P 17953618 0.005076664 15.667
LY3SQ O.L227 178 4  0.004536754 27.050
LY1Y2 -0.0120785 0.001803168 -6.699
LYIY3 -0.0285549 0.002457283 -11.621
LY2Y3 -0.0337291 0.002520182 -13.384
LPACFSQ 0.51546419 0.02863565 18.001
LPEBSQ 0.51546419 0.02863565 18.001
LPAPEB -0.515464 0.02863565 -18.001
LPAY1 0.05041756 0.003183859 15.835
LPAY2 -0.0207605 0.004028205 -5.154
LPAY3 -0.0500021 0.005097673 -9.809
LPEBYI -0.0504176 0.003183859 -15.835
LPEBY2 0.02076052 0.004028205 5.154
LPEBY3 0.05000207 0.005097673 9.809
LIONGSA 0.009720233 0.03578197 0.272
STATIOND -0.-185741 0.02311173 -0.804
UNITD 0.0653357 0.03001459 2.177
LRECRUIT -0.00782383 0.01176903 -0.665
POINTS -).0292495 0.02914772 -1.003
LQA 0.01763089 0.03997697 0.441
LUNEMP 0.08312748 0.03379996 2.459
LPCPRES 0.009178518 0.004448094 2.063
QDI 0.05425764 0.02833179 1.915
QD2 0.05854768 0.2974285 1.968
QD3 .0.00463549 0.03213903 -0.144
YRD86 0.15147629 0.05512344 2.748

HOS 10X regression resulcs-10 qcrs.

enlistment bonus cost share

MODEL: Elt -LS

PARAMETER ESTIMATES

fkRAHETER STANDARD T FOR. HO:
VARIABLE ESTIMATE ERROR PARAHM -0

INTERCEP 0.39455912 0.01187605 33.223
LP.Cr -0.515464 0.02863565 -18.001
.~i^i 0.51546419 0.02863565 18.001
LYl -0.0504176 0.003183859 -15.835
LY2 0.02076052 0.004028205 5.154
LY3 0.05000207 0.005097673 9.809



Table 11. NOS 135 simultaneous regression results
on total cosc (8 qtrs.)

SYSTEM WEIGHTED MSE IS 1.07696 WITH 833 DECZES OF FREEDO
SYSTEM WEIGHTED R-SQU R IS 0.0917524

MODEL: EQ1 JGLS
DEP VARIABLE: LNCOST

?ARAMETEI ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARANETER-O

IkfrERCEP 0.9736006 0.28155437 3.458
LY. 0.22884390 0.01284535 17.815
LY2 0.22810095 0.01184144 19.252
LY3 0.34050662 0.009154289 37.196

LOTHGSA 0.07238445 0,04073119 1.777
LPEB 0.29157838 0.09586981 3.041
LPACF 0.70842162 0.09586981 7.389
LYS1 0.06307375 0.005658461 11.147
LY2SQ 0.07743594 0.005457068 14.190
LY3SQ 0.13047971 0.004866933 26.809
LYIY2 -0.0119109 0.002026708 -5.877
LYIY3 -0.0234162 0.002669569 -8.772
LY2Y3 -0.0363151 0.002626861 -13.825
LPACFSQ 0.48024404 0.0302805 15.860
LPEBSQ 0.48024404 0.0302805 15.860
LPAPEB .0.480244 0.0302805 -15.860
LPAY1 0.0489486 0.003340674 14.516
LPAY2 -0.0197324 0.00440498 -4.480
LPAY3 -0.0547746 0.005669941 -9.661
LPEBY1 .0.0484949 0.003340674 -14.516
LPEBY2 0.01973238 0.00440498 4.480
LPE1Y3 0.05477463 0.005669941 9.661
LNONGSA -0.0230186 0.03937763 -0.585
STATIOND -0.0445353 0.029682 -1.500
UNITD 0.0637467 0.03458025 1.843
LRECRUIT -0.00861706 0.01127903 -0.764
POINTS 0.11030996 0.04363191 2.528
LQMA 0.02690531 0.04325941 0.622
LUINEMP 0.0961888 0.03592107 2.678
LPCPR.ES 0.01687346 0.004795979 3.51q
QDI 0.15430596 0.03805525 4.050
QD2 -0.0688619 0.0390806 -1.762
QD3 -0.0876714 0.03524072 -2.488
YRD 0.25060263 0.05983989 4.184

MOS 13B simultaneous regression results
on enliscment bonus cost share

MODEL: EQ2 JGLS
DEP VARIABLE: SHREB

PARAMETER ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARAKETEP.-0

INTERCEP 0.40707933 0.01413198 28.806
LPACF -0.480244 0.0302805 -15.860
LPEB 0.48024404 0.302805 15.860
LY1 -0.0484949 0.003340674 -14.516
LY2 0.01973238 0.00440498 4.480
LY3 0.05477463 0.005669941 9.661
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Table 12. MOS 13F regression results-10 qcrs.
cocal cost

SYSTEM VEIGHTED MSE IS 1.26508 WITH 909 DErNEL OF FRIEDO(
SYSTEM WEIGHTED R-SQUAX IS 0.799275

MODEL: EqL JGLS
DEP VARIABLE: LMCOST

PARAMETER ESTIMATES

PARAMETER STANDAID T FOR HO:
VARIABLE ESTIMATE ERROl PARANETER-0

INTERCEP 1.6837"27 0.39922801 4.21$
LY1 0.36627005 0.0187728 19.610
LY2 0.29100207 0.02123477 13.704
LY3 0.34793860 0.0170877 20.362
LPEA3 -0.000443649 0.11182267 -0.004
LPACF 1.00044365 0.11182267 8.947
LYISQ 0.14236027 0.009211253 15.455
LY2SQ 0.11027082 0.01041145 10,521
LY3SQ 0.12716245 0.008101984 15.695
LY1Y2 -0.0237856 0.002053186 -11.585
LYIY3 -0.0251233 0.002547025 -9.864
LY2Y3 -0.014207 0.002144706 -6.624
L2ACFSQ 0.40455517 0.05988234 6.756
LPEBSQ 0,40455517 0.059988234 6.756
LPAPEB -0.404555 0.05988234 -6.756
LPAY1 0.06868478 0.00402722 17.055
LPAY2 -0.0103496 0.004041064 -2.561
LPAY3 -0.0593899 0.003971333 -14.955
LPEBYI -0.0686848 0.00402722 -17.055
LPEBY2 0.01034956 0.004041064 2.561
LPEBY3 0.05938991 0.003971333 14.955
LOTHGSA -0.0835354 0.05524692 -1.512
LNONGSA -0.0985987 0.0505321 -1.951
STATIOND -0.147448 0.04058765 -3.633
UNITD 0.04162882 0.04336405 0.960
LRECRUIT 0.003829769 0.01934717 0.198
POINTS 0.01275649 0.03415891 0.373
LQMA 0.16959399 0.06062761 2.797
L 4UIP -0.00494336 0.04842198 -0.102
LPCPRES 0.004207352 0.00481149 0.874
QD1 0.03563864 0.03928903 0.907
QD2 -0.00366856 0.04240302 -0.087
QD3 0.05460472 0.03973489 1.374
YRD86 0.14432815 0.04398057 3.282

MOS 13, regression resuls-10 qtrs.
enlismenc bonus cosc share

MODEL: EQ2 JGLS
DEF VARIABLE: SHREB

PARAMETER ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARAKETER-O

INTECEP 0.33638001 0.01332354 25.247
LPACF -0.40455y 0.05988234 -6.756
LPEB 0.40455517 0.05988234 6.756
LYl -0.0686848 0.00402722 -17.055
LY2 0.01034956 0.004041064 2.561
LY3 0.05938991 0.003971333 14.955
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Table 13. MOS 13F sjmmAlcanmou rSression results
on total cost (8 qtrm.)

SYSTL WEIGHTED KSX IS 1.3039 WITH 719 DGUIRES OF FREE"OX
SYSTEM WEIGHTED R-S AUE IS 0,823187

MODEL: EQI JGLS
DEP VARIABLE: LNCOST

RAiMETER, ESTIMATES

P AMETER STANDARD T FOR, HO:
VARIABLE ESTIMATE ERROR PARAMErER-0

INTERCEP 1.21437539 0.40968743 2.964

LY. 0.35620703 0.01906159 18.687
LY2 0.29986912 0.02040605 14.695
LY3 0.32925234 0.01954471 16.846
LPEB 0.0732105 0.12929473 0.566
LPACF 0.92678950 0.12929473 7,168
LY1Sq 0.13350281 0.009361108 14.261
LY2SQ 0,11220237 0.009928384 11.301
LY3SQ 0.11556907 0.009624144 12.008
Lyiy2 -0.0227077 0.00215493 -10.538
LY1Y3 -0.0226059 0.002"2907 -9.254
LY2Y3 -0.0144977 0.002224679 -6.517
LPACFSQ 0.44279977 0.06136391 7.216
LPEBSQ 0.44279977 0.06136391 7.216
LPAPEB -0.4428 0.06136391 -7.216
LEAY1 0.07003735 0.004076215 17.182
LPAY2 -0.00175124 0.004024402 -0.435
LPAY3 -0.0620148 0.004069471 -15.239
LP BY'J. -0.0700374 0.004076215 -17.182
LPEBY2 0.001751243 0.004024402 0.435
LPEBY3 0.06201481 0.004069471 15.239
LOTIVGSA -0.00845189 0.05808976 -0.145
LNONGSA -0.0723518 0.05445478 -1.329
STATIOND -0.143521 0.05439353 -2.639
UNITD 0.03548238 0.04015802 0.884
LAECRUIT -0.0049711 0.01807104 -0.275
POINTS -0.0157583 0,03428748 -0.460
LAMA 0.0778431 0.06352346 1.225
LUEMP -0.0237464 0.05047048 -0.471
LPCPRES 0.00217 f?7t0 2 0.00.4;5
QD1 0.02600313 0.04175101 0.623
QD2 -0.00800678 0.04306834 -0.186
QD3 0.0461473 0.03752808 1.189
YRD 0.13695381 0.04620827 2.964

MOS 13F simultaneous regression results
on enlistment bonus cost share

MODEL: EQ2 JGLS
DEP VARIABLE: SH1RE

?AR D.UIETE ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARAMETER-0

INTERCEP 0.34435076 0.0129941 26.501
LPACF -0.4428 0.06136391 -7.216
LPEB 0."279977 0.06136391 7.216
LYi -0.0700374 0.004076215 -17.182
LY2 0.+001751243 0.004024402 0.435
LY3 0.06201481 0.004069471 15.239
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Table 14. MOS 19X regression results-10 qtrs.
total cost

SYSTEM WEIGHTED MSE IS 1.4793 WITH 1015 DECLE.S OF FREEDOK
SYSTEM WEIGHTED R.SqUAJ. IS 0.851718

MODEL: EQl JGLS
DEP VARIADLE: LMCOST

PARAMETER ESTIMATES

PARAMEER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROL PARAKEX'r-O
INTERCEPT 1.43550817 0.31251713 4.593
LYl 0.32891668 0.01256299 26.181

LY2 0.28561719 0.01433283 19.927
LY3 0.33065425 0.01120972 29.497
LPEB 0.49541626 0.05163983 9.594
LPACF 0.50458374 0.05163983 9.771
LYISQ 0.12273350 0.00635441 19.315
LY2SQ 0.09221809 0.007092227 13.003
LY3SQ 0.12312473 0.005768215 21.345
LY1Y2 -0.0,47632 0.001726402 -8.551
LY1Y3 -0.0235897 0.00254,42 -9.272

LY2Y3 -0.0200199 0.002147386 -9.323
LACFSQ 0,40397580 0.0161448 25.022
LpEBSQ 0.40397580 0.0161448 25.022
LPAPEB -0.403976 0.0161448 -25.022
LPAY1 0.05722644 0.003326585 17.203
LPAY2 -0.0128739 0.002722634 -4.728
LPAY3 -0.0439127 0.004058104 -10.821
LPEBYI -0.0572264 0.003326585 -17.203
LPEBY2 0.01287389 0.002722634 4.728
LPEBY3 0.04391268 0.004058104 10.821
LOINGSA .0.0562835 0.04475891 -1.257
LNONGSA -0.0332487 0.03919237 -0.848
STATIOND -0.0518745 0.03658496 -1.418
U1ITD 0.005257229 0.03243982 0.162
LRECRUIT 0.02307818 0.01308136 1.764
POINTS 0.007004595 0.04465488 0.157
LQMA 0.08451231 0.04454094 1.673
LUNEKP 0.00451114 0.0380673 0.119
LPCPRES -0.00523285 0.003781985 -1.384
QDl 0.03403387 0.03708125 0.918
QD2 -0.0456405 0.03459405 -1.319
QD3 0.01659465 0.03547517 0.468
YRD86 0.04923501 0.06883512 0.715

MOS 19X regression results-LO qzrs.
enlisusent bonus cost share

MODEL: EQ2 JGLS
DEP VARIABLE: SHREB

PARAMETER ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARAMETER-O

INTERCEP 0.38880415 0.00827136 47.007
LPACF -0.403976 0.0161448 -25.022
LPEB 0.40397580 0.0161448 25.022
LYl -0.0572264 0.003326585 -17.203
LY2 0.01287389 0.002722634 4.728
LY3 0.04391268 0.004058104 10.821
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Table 15. MOS 19K/19X simultaneous regression results
on cotal cost (8 qtrs.)

SYSTEM WEIGHTED MSE IS 1.16776 WITH 803 DEGiES OF FREED(*(
SYSTEM WEIGHTED R-SQUAE IS 0.847402

MODEL: EQI JGLS
DEP VARIABLE: LNCOST

?A RAMETER ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARAMETER-0

INTERCEP 1.3193886 0.37111730 3.555
LY1 0.33170346 0.01559082 21.276
LY2 0.28786337 0.01750958 16.440
LY3 0.32597694 0.01389847 23.454
LPEB 0.46919359 0.06033582 7.776
LPACF 0.530C0641 0.06033582 8.798
LY1SQ 0.12669406 1.007951083 15.934
LY2SQ 0.09490603 0.008644046 10.979
LY3SQ 0.12168088 0.007048327 17.264
LYIY2 -0.0151694 0.002019086 -7.513
LY1Y3 -0.0227915 0.002949812 -7.726
LY2Y3 -0.0196455 0.002379158 -8.257
LPAGFSQ 0.40423999 0.01650134 24.497
LPEBSQ 0.40423999 0.01650134 24.497
LPAPE -0.40424 0.01650134 -24.497
LPAY1 0.05605034 0.003725135 15.047
LPAY2 -0.0135984 0.002979075 -4.565
LPAY3 -0.0423557 0.004300358 -9.849
LPEBY!1 -0.0560503 0.003725135 -15.047
LPEBY2 0.0135984 0.002979075 4.565
LPEBY3 0,04235569 0.004300358 9.849
LOTHGSA -0.0274426 0.05460056 -0.503
LNONGSA -0.0434882 0.04814584 -0.903
STATIOND -0.0522424 0.04022381 -1.299
UNITD 0.004909885 0.03526239 0.139
LRECRUIT 0.02002519 0.01408361 1.422
POINTS 0.01446007 0.05868721 0.246
LQKA 0.08478646 0.0536766 1.580
LUNEMP 0.01375491 0.04510637 0.305
LPCPRES -0.00437677 0.004145118 -1.056
QD1 0.04542041 0.05406688 0.840
QD2 -0.0891113 0.04110793 -2.168
QD3 0.009405308 0.04162453 0.226
YRD 0.08806878 0.08073902 1.091

MOS 19K/19X simultaneous regression results
on enlistment bonus cost share

MODEL: EQ2 JGLS
DEP VARIABLE: SHREB

PARAMETER ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTLIATE ERROR PARAMEER-0

INTERCEP 0.39213559 0.009190337 42.668
LPACF -0.40424 0.01650134 -24.497
LPEB 0.40423999 0.01650134 24.497
LYl -0.0560503 0.003725135 -15.047
LY2 0.0135984 0.002979075 4.565
LY3 0.04235569 0.004300358 9.849
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Table 16. MOS 888* regressLon resulcs-0 qtrs.
total cost

SYSTr)( WEIGHTED MSE IS 1.05331 WITH 1041 DE=CEES OF FUIDOK
SYSTEM WEIGHTED X-SQUAl IS 0.743071

MODEL: EQ. JGLS
DEP VARIABLE: iNCOST

PARAMETER ESTIMATES

PARAMETER STANDARD T FO HO:
VARIABLE ESTIMATE EUOK PARAMETER-O

INTERCEP 0.26471222 0.42777774 0.619
LYI 0.31711328 0.02217595 14.303
LY2 0.22564130 0.01731153 13.034
LY3 0.31188172 0.01126371 17.077
tTHGSA 0.006185326 0.06676367 0.093
LPEB 0.23402045 0.05764944 04.059
LPACF 0.76598955 0.05764944 13.287
LY1SQ 0.08191519 0.007929613 10.330
LY2SQ 0.09081295 0.007413544 12.250
LY3SQ 0.11487786 0.009495684 12.098
LYIY2 -0.0115462 0.00390402 -2.958
LYlY3 -0.0430764 0.009587115 -4.493
LY"3 -0.0153564 0.007171178 -2.141
LPACFSQ 0.35997810 0.01753297 20.53"
LPEBSQ 0.35997810 0.01753297 20.531
LPAPEB -0.359978 0.01753297 -20.531
LPAYI 0.03479658 0.003831304 9.082
LIAY2 0.03574917 0.004339746 8.238
LPAY3 -0.0863142 0.007154981 -12.064
LPEEY1 -0.0347966 0.003831304 -9.082
LIPEBY2 -0.0357492 0.004339746 -8.238
LPEBY3 0.08631417 0.008154981 12.064
LNONGSA 0.04749269 0.05386399 0.882
STATIOND 0.04094093 0.03424066 1.196
UNITD -0.00917843 0.03931905 -0.233
LRECRUIT -0.023557 0.01776991 -1.326
POINTS 0.06675428 0.05493249 1.215
LQKA 0.07331912 0.05984535 1.225
LUNEMP -0.000255956 0.05047576 -0.005
LPCPRES 0.01533902 0.008725158 1.758
QD1 0.0798909 0.04415708 1.809
QD2 0.12126410 0.04537294 2.673
QD3 0.09976414 0.0417366 2.390
YRD86 0.35087449 0.05412488 6.483

* Aggregacion of 23 Small Combat Arms MOSs.

MOS 888 regression results-lO qcrs.

enlistment bonus cost share

MODEL: EQ2 JGLS
DEP VARIABLE: SHRE!

PARAMETER ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARAKETER-O

INTFRCEP 0.21943071 0.01458884 15.041
LPACF -0.359978 0.01753297 -20.531
LPEB 0.35997810 0.01753297 20.531
LYI -0.0347966 0.003831304 -9.082
LY2 -0.0357492 0.004339746 -8.238
LY3 0.8631417 0.007154981 12.064



i Table 17. MOS 888 sinulcaneout regression results

an total cost (S qtrs.)

i SYSTEM W'EIGHTED KSZ IS 1.0278 WITH 842 DFZRLES OF I JEEDOX
, SYSTI WEIGHTED R-SW ,U IS 0.763867

MODEL: EQ1 JGLS
DEP VARIABLE: UqCOST

?AAETER ESTIMUTF

YARAMETER STANAD T FO H1:
VARIABLE ESTIMATE EmROIL .A.AXET-O

INTERCE? 0.05759687 0.47834591 0.121
LY1 0.28069889 0.02375509 11.816
LY2 0.24074652 0.01903136 12.650
LY3 0.29423146 0.02003532 14.686
LOTHOSA 0.0409354 0.0746334 0.548
UEB 0.10107405 0.08010477 1.262
LPACF 0.89892595 0.08010477 11.222
LYlSQ 0.6652907 0.008792631 7.566
LY2SQ 0.05080789 0.00953678 8.471
LY3SQ 0.11045839 0.0104656 10.554
LYIY2 -0.000128315 0.005278305 -0.024
LYIY3 -0.0494279 0.01089062 -4.539
LY2Y3 -0.00779405 0.0080805071 -0.964
LUACFSQ 0.41713630 0.0196241 21.256
LPEBSQ 0.41713630 0.0196241 21.256
LPAPEB -0.417136 0.0196241 -21.256
LPAY 0.02894682 0.004064643 7.122
LPAY2 0.03432031 0.005989955 5.730
LPAY3 -0.0836171 0.00746028 -11.208
LPEBYI -0.0289468 0.004064643 -7.122
LPEBY2 -0.0343203 0.005989955 -5.730
LPEBY3 0.08361715 0.00746028 11.208
LNONGSA 0.05687463 0.06111005 0.931
STATIONTD 0.0196412 0.036799 0.534
UNXTD -0.018586 0.03910579 -0.475
LRECRUIT -0.0258101 0.0177438 -1.455
POINTS 0.03119719 0.06243327 0.500
LQKA 0.01805132 0.06675386 0.270
LUNEMP 0.005364296 0.05595044 0.096
LPCPRES 0.02477137 0.008939113 2.771
QDI 0.18281894 0.06008994 3.042
QD2 0.06963618 0.05754956 1.210
QD3 0.12787868 0.04428268 2.888
YRD 0.4.4152362 0.06484554 6.809

MOS 888 simultaneous regression results
on enlistment bonus cost share

MODEL: EQ2 JGLS
DEP VARIABLE: SHREB

PARAMETFR ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARAMETER-0

INTERCEP 0.21003575 0.01527358 13.752
LPACF -0.417136 0.0196241 -21.256
LPEB 0.41713630 0.0196241 21.256
LYl -0.0289468 0.004064643 -7.122
LY2 -0.0343203 0.00598995 -5.730
LY3 0.08361715 0.00746028 11.208
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Table 18. MOS 999* regression rasulcs-10 qtrs.
cocal cosc

SYSTL WEIGHTED MSE IS 1.10814 WITH 1042 DEREES OF FREEDOM
SYSTEM WEIGHTED R-SQUARE IS 0.130684

MODEL: EQ1 JGLS
DEP VARIABLE: LCOST

PFRAMETER ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE EROR PARAMTER-0

INTERCEP -0.714149 0.18941478 -0.803
LYl 1,13318770 0.2122974L 5.338
LY2 0.04819185 0.26533175 0.182
LY3 0.63305068 0.36813995 1.720

LPEB 0.25982913 0.06374013 4.076
LPACF 0.74017087 0.06374013 11.612
LY1SQ 0.01774842 0.02371411 0.748
Ly2SQ -0.258095 0.0593135 -4.351
LY3SQ 0.12700833 0.09839848 1.291
LYIY2 0.26078186 0.04369657 5.968
LYlY3 -0.422894 0.05115988 -8.266
LY2YE 0.013117750 0.0703643 1.864
LUACFSQ 0.15494272 0.0152718 10.146
LPEBSQ 0.15494272 0.0152718 10.146
LPA!EB .0.154943 0.0152718 -10.146
L&PAY -0.0190902 0.007187759 -2.656
LtPAY2 0.09517175 0.009551559 9.964
LPAY3 -0.0686221 0.01038253 -6,609
LPEBYl 0.0190902 0.007187759 2.656
LPEBY2 -0.0951717 0,009551559 -9.964
LPEBY3 0.06862205 0.01038253 6.609
LOTHGSA 0.0536725 0.02390725 2.245
LONGSA -0.153736 0.0401067 -3.833
UNITD 0.0352584 0.04648044 0.759
LRECRUIT -0.0159286 0.0126816 -1.256
POINTS 0.07660834 0.08090587 0.947
LQMA 0.06725938 0.04487616 1.499
LUNEMP 0.013794039 0.03556827 3.878
LPCPRESS -0.0463803 0.03908002 -1.187
QDL 0.18584387 0.03310214 5.614
QD2 0.14460653 0.02693127 5.369
QD3 0.08100635 0.02889579 2.803
YRD86 0.37424907 0.04274718 8.755

* Aggregacion of all non-Comba Arms MSs.

MOS 999 regression rasults-lO qtrs.
enliscmenc bonus cosc shave

1MODEL: EQ2 JGLS
DEP VARIABLE: SHREB

PARAMETER ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARAMETER-0

INTERCEP 0.25934374 0.05225369 4.963
LPACF -0.154943 0.0152718 -10.146
LPEB 0.15494272 0.0152718 10.146
LY. 010190902 0.007187759 2.656
LY2 -0.0951717 0.009551559 -9.964
LY3 0.00862205 0.01038253 6.609
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I
Table 19. OS 999 siulcameous regression

results on total cost (8 qcrs.)

SYSTEM WEIGHTED MSE IS 1.11263 WITH 826 DEGRLES OF FREEDOK
SYSTEM WEIGHTED R-SQUABE IS 0.836954

MODEL: EQl JOLS
DEP VARIABLE: LNCOST

PARAMETER ESTIMATES

PARAMETER STAIDARD T 1T 10:
VARIABLE ESTIMATE 1210 PARAMETER-0

INTERCEP -1.32175 0.99679686 -1.326
LYl 0.93282709 0.30529076 3.056
LY2 0.31900781 0.38734021 0.824
LY3 0.78229815 0.40764042 1.919
LPEB 0.16713681 0.06858319 2.437
LPACF 0.83286319 0.06858319 12.144
LYISQ 0.15252591 0.0676212 2.256
LY2SQ -0.340841 0.09913618 -3.438
LY3SQ 0.19359209 0.11453323 1.689
LYIY2 0.29560311 0.07277639 4.062
LYlY3 -0.514516 0.06619267 -7.773
LY2Y3 0.11484441 0.09494309 1.210
LPACFSQ 0.18731862 0.01719703 10.892
LPEBSQ 0.18731862 0.01719703 10.892
LPAPEB -0.187319 0.01719703 -10.892
LPAYI -0.0398935 0.008665433 -4.604
LPAY2 0.0628486 0.01131297 5.555
LPAY3 -0.0292068 0.01105615 -2.642
LpEBYI 0.03989353 0.008665433 4.604
LPEBY2 -0.062846 0.01131297 -5.555
LPEBY3 0.02920683 0.01105615 2.642
LOT11GSA 0.04947383 0.02543016 1.945
LNONGSA -0.223799 0.04222672 -5.300
UNITD 0.02633459 0.04298499 0.613
LRLCRUIT -0.0153724 0.01182704 -1.300
POINTS 0.30214269 0.07833911 3.857
I.AMA 0.15177201 0.04755048 3.192
LINEMP 0.14205999 0.3625554 3.918
LPCPRES -0.0549792 0.04212819 -1.305
QD1 0.40944655 0.06262315 6.538
QD2 0.15507491 0.03786113 4.096
QD3 0.11427396 0.02905275 3.933
YRD 0.48412333 0.06040883 8.014

MOS 999 simulcaneous regression results
on total cost

MODEL: EQ2 JGLS
DEP VARIABLE: SHREB

PARAMETER ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARAMETER-0

INTERCEPT 0.22091519 0.05323246 4.150
LPACF -0.187319 0.01719703 -10.892
LPEB 0.18731862 0.01719703 10.892
LYI 0.03989353 0.008665433 4.604
LY2 -0.0628486 0.01131297 -5.555
LY3 0.02920683 0.01105615 2.642
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Tabla 20. MOS 125 model resulcs
total cosc (8 qcrs.)

SYSTEM WEIGHTED MSE IS 1.01305 WITH 784 DEGREES OF FREEDOM
SYSTEM WEIGHTED R-SQUARE IS 0.776302

MODEL: EQI JGLS
DEP VARIABLE: LCOST

PARAMETER ESTIMATES

PARAMETER STANDARD T FOR 11O:
VARIABLE ESTIMATE ERROR PARAKETER-0

INTERCEP -0.16929 0.54056548 -0.313
LY]. 0.28083365 0.03108303 9.035
LY2 0.34677592 0.02073929 16.721
LY3 0.22157388 0.02637467 8.401
LPEB 0.01802498 0.16160033 0.112
LPACF 0.98197502 0.16160033 6.%77
LYISQ 0.08174111 0.01541525 5.303
LY2SQ 0.14124479 0.00972891 14.518
LY3SQ 0.0596097 0.01375974 4.332
LY1Y2 -0.0225135 0.004605021 -4.889
LY1Y3 -0.0011847 0.0032235 -0.367
LY2Y3 -0.0376347 0.004265404 -8.823
LPACFSQ 0.17343168 0.030554 5.676
LPEBSQ 0.17343168 0.030554 5.676
LPAPEB -0.173432 0.030554 -5,676
LPAY1 0.004578345 0.003060331 1.496
LPAY2 0.04678769 0.004942631 9.466
LPAY3 -0.0454672 0.00295069 -15,410
LPEBY1 -0.00457834 0.003060331 -1.496
LPEBY2 -0.0467877 0.004942631 -9.466
LPEBY3 0.04546719 0.002950569 15.410
LOTHGSA 0.05488148 0.07927309 0.692
LNONGSA 0.02969811 0.0722933 0.411
STATIOND -0.21441 0.03908191 -5.486
LRECRUIT 0.00003123879 0.02160073 0.001
POINTS -0.451253 0.11855036 -3.806
LQMA -0.0587459 0.07868925 -0.747
LUNEMP -0.0984291 0.06738921 -1.461
LPCPRES 0.00894949 0.005322877 1.681
QD1 0.06082254 0.07422752 0.819
QD2 0.07051531 0.0639411 1.103
QD3 0.41664277 0.05488056 7.592
YRD 0.66000668 0.07521371 8.775

MOS12B model results
enlistment bonus cost share

MODEL: EQ2 JGLS
DEP VARIABLE: SHREB

PARAMETER ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARAMETER-0

INTERCEP 0.31703819 0.014635 21.667
LPACF -0.173432 0.030554 -5.676
LPEB 0.17343168 0.030554 5.676
LYl -0.00457834 0.003060331 -1.496
LY2 -0.0467877 0.004942631 -9.466
LY3 0.04546719 0.002950569 15.410
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Table 21. MOS 19D model results
tocal cosc (9 qtrs.)

SYSTE( VEIGHTED MSE IS 1.010657 VITH 740 DEGREES OF FREEDOM
SYSTEM VEIGW='ZD R-SQUARE IS.0.855274

MODEL: EQl JGLS
DE? VARIABLE: LNCOST PARAMETER ESTIMATES

PARAMETER STANDARD T FO. HO:
VARIABLE ESTIMATE ERROR PARAMETER-0

INTERCEPT -0.191732 0.46112806 -0.416
LY1 0.37496360 0.01841899 20.357
LY3 0.030011040 0.0173165 17.331
LPEB -0.204293 0.13548573 -1.508
LPACF 1.20429296 0.13548573 8.889
LYISQ 0.13976543 0.009300351 15.028
LY2Sq 0.11666518 0.008901403 13.106
LY3SQ 0.10030972 0.008880981 11.295
LYIY2 -0.0188287 0.002576806 -7.307
LYIY3 -0.0229081 0.002646214 -8.657
LY2Y3 -0.0161775 0.002281993 -7.089
ILPACFSQ 0.318716474 0.01738696 18.331
LPEBSQ 0.31871674 0.01738696 18.331
LPAPEB -0.318717 0.01738696 -18.331
LPAY1 0.04169162 0.003590759 11.611
LPAY2 0.0115987 0.003167724 3.662
LPAY3 -0.059616 0.003268388 -18.263
LPEBY1 -0.0416916 0.003590759 -11.611
LPEBY2 -0.0115987 0.003167724 -3.662
LPEBY3 0.05969164 0.003268388 18.263
LOTHGSA 0.0538668 0.06280784 0.858
LNONGSA 0.01833054 0.05758882 0.318
STATIOND -0.295655 0.04029518 -7.337
UNITD 0.04522381 0.03885454 1.164
LRECRUIT 0.02046536 0.0158164 1.294
POINTS 0.20193290 0.04935853 4.091
LQMA -0.0790456 0.06254684 -1.264
LUNEKP -0.0456338 0.05230263 -0.872
LPCPRES 0.004249927 0.004215529 1.008
QDI 0.18767533 0.05415525 3.466
QD2 0.17164378 0.04892724 3.508
YRD 0.54600823 0.13372975 4.083

MOS19D model resulcs
enlistmenc bonus cosc share

14ODEL: EQ2 JGLS
DEP VARIABLE: SHREPS

PARAETER. ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE ESTIMATE ERROR PARAMETER-0

INTERCEPT 0.34837064 0.01030033 33.821
LPACF -0.318717 0.01738696 -18.331
LPEB 0.31871674 0.01738696 18.331
LYI -0.416916 0.003590759 -11.611
LY2 -0.0115987 0.003167724 -3.662
LY3 0.05969164 0.003268388 18.263
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I

"in-sample" data are used to predict the "out-of-sample" performance.

However, another aspect of the overall usefulness of the models has to do with

how well the revised econometric models, built from the complete 10-quarter

data set, predict the performances for the 9th and 10 quarters.

The econometric parameters, estimated by using the data from the 10

quarters, represent a key part of the decision-making logic being turned over

to the U.S. Recruiting Command as a final deliverable of this year-long

project. These parameters, designed to capture the trade-offs, substitutions,

and scale possibilities, are ultimately the decision parameters that the Army

will be relying on to aid in the allocation of enlistment incentives. Hence,

while these parameters will hopefully be updated as more experience becomes

available, it behooves us to discern how well this final set of parameters

does in predicting the outcomes for the 9th and 10 quarters. Table 23

contains, by MOS categories, comparisons of the actual performances for the

quarters from January 1988 to June 1988 with those from two sets of

projections: (1) the projections from the eight-quarter econometric models,

(2) the projections from the 10-quarter econometric models.

The last row of table 23 contains the overall assessment of the 10-

quarter econometric models if they were appliod to all MOSs for all of

January-June 1988. In actuality, the total incentive expenditure over the

period from January 1988 to June 1988 was $46.173M, with 43.7 percent of that

amoun. 'eing spent on the EB mechanism. Using the econometric models built on

data from the 10 quarters, the models would have projected a total of $45.263M

(or 2 percent less than that actually spent) needed, of which 39.5 percent

would have been spent on the EB side. The projection assumes the same levels

and milablef terms of service for the GSA contracts as for each of the MOS
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groupings analyzed, the same numbers of non.GSA contracts, the same recruiting

environment (i.e., same unemployment rates, QMA, number of recruiters present,

etc.), same average EB and ACF awards per taker, and the same application of

nonmonetary awards. Note, too, that the degree of fit is also very close for

each of the individual MOS groupings. Hence, the Army should be quito

confident in using the econometric models (built on 10 quarters) to predict

the needed level of incentive expenditures to meet given levels of GSA

contracts in postulated recruiting environments.

5.0 ILLUSTRATION OF USE OF HOS BUDGET GENERATION PROGRAH TO SELECT PROPER LEVEL

OF EB AWARD

In the validation exercises in Section 3.0, we addressed the following

question for a given MOS: Given (1) the actual level and mix of GSA contracts

obtained for a given quarter, (2) the actual recruiting environment present

(e.g., number of recruiters present, unemployment rate, eec.), (3) the

competition effect for GSA contracts from other MOSs and for non-GSA contract

requirements, (4) the actual average level of the ACF award per taker, and (5)

the actual average level of the EB award per taker, what then is the minimum

total incentive cost needed and what should be the fraction of the budget spent

on the EB option?

Note that in the validation exercises, it is appropriate to use the actual

EB award per taker because we wish to compare the projection of the model's

efficient cost with what actually occurred in order to test the reasonableness

of the results. However, for future use of the model, say in the POM process,

the Army decision makers will need some insights as to the proper level of the

EB award by MOS for an upcoming time period, given the numbers and mix of GSA
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contracts desired, the anticipated recruiting etironment, etc. We have earlier

noted the actual large variation In the level of the EB award over the 10

quarters (see, for example, table 4 for HOS 11X), the average of which, for lX,

ranged from a low of $2,709 to a high of $4,929, an increase of some 82

percent.

To illustrate the use of the budget model for helping to determine the

proper level of the EB award, consider quarter 9 (January-tarch 1988) for MOS

lX when the actual EB award was at $4,105. The model's projection of the

minimum total Incentive cost needed at this level of award for lX was $7.393H,

some 3 percent less than the actual of $7.120M. (Incidentally, Che average ACF

award for this period was $3,195, reflecting the actual mix of 2-, 3-, and 4-

year ACF takers for 1IX for the 9th quarter.)

Consider now the impact on the total incentive cost needed by varying the

level of the EB award (using the actual level as a base) for the 9th quarter for

liX (table 24). The changes are in increments of $500; the level of the ACF

award is left unchanged.

6
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Table 24, Impact on total incentive cost needed
(for same mix and numbers of GSA contracts)

by varying EB award for 1IX, quarter 9
(average ACF award unchanged @ $3,1959)

Total Minimum Share of Total Number
level of EB award Incentive Cost Budget Devoted of ACF or EB

for 9Qh Ocr, Needed (9h Or, to EB (9th Ocr.) T

$4,105 (actual) $7.620M (actual) 55X (actual) 2,089 (actual)

$4,105 (actual) $7.394H (projected) 28% (projected) 2,171 (projected)

$4,605 ($500 above $7.461H (projected) 32.8% (projected) 2,100 (projected)
actual level)

$5,105 ($1,000 above $7.553M (projected) 37.3Z (projected) 2,033 (projected)
actual level)

$5,605 ($1,500 above $7.659H (projected) 41.X (projected) 1,971 (projected)
actual level)

$3,605 ($500 below $7.366H (projected) 22.2X (projected) 2,248 (projected)
actual level)

$3,105 ($1,000 below $7.409H (projected) 15.7% (projected) 2,329 (projected)
actual level)

$2,605 ($1.500 below $7.578H (projected) 8% (projected) 2,415 (projected)
actual level)

We observe that the total incentive budget needed for 1IX for the 9th

quarter is relatively insensitive to the level of the EB award, varying from a

projected low of $7.366H (at the EB level of $3,605 ($500 below the actual of

;4,105)) to a high of $7.578H (at an EB level of $2,605 ($1,500 below the actual

level)). Hence, given a goal for lIX of 2,807 CSA contracts (with 696 2-year

termers, 725 3-year termers, and 1,386 4-year termers), an average unemployment

rate of 6.66 percent, 4,206 recruiters in the field, 14,523 GSA contracts

required outside MOS lX, and 12,137 total non-GSA contracts required, one would

conclude for the 9th quarter that an average EB level of $3,605 would be

65



preferred (in contrast to the actual of $4,105). Thus, a total incentive budget

for H0S 1IX of $7.366H (or $2,624 per GSA recruit compared to the actual of

$2,703) would be projected, with 22.2 percent of the amount going for th EB

option (compared to the actual of 55 percent).

Consider the rosults of the same exercise for quarter 10 (see table 25)

whore the total GSA goal for 11X was 2,329 (about 500 less than for the 9th

quarter), the average ACF award was $3,202, and the actual EB award was $4,348.

Upon repeating the budget projections for different levels of the EB award, it

is found that the preferred EB award for MOS lX for quarter 10 is $3,848 ($500

less than the actual), with 23.7 percent of the total amount being allocated to

the EB option (rachar than the actual of 66 percent). The software being

delivered to USAREC vill automatically cycle through six levels of EB awards, in

$500 increments (and decrements) from the inputted EB award level. The user can

then determine which EB award level he wishes to use. By changing the inputted

(base) EB level, the user of the software can search a large number of

possibilities.
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Table 25. Impact on total incentive cost needed
(for same mix and numbers of GSA contracts)
by varying EB level for lX, quarter 10
(average ACF award unchanged @ $3,202)

Total Minimum
Level of EB Incentive Share of Budget Total Number
Award for Costs Needed Devoted to EB of ACF or
10th eQr. (10th !tr.)L 10th 0er. EB Tors

$4,348 (actual) $6.830H (actual) 66% (actual) 1,766 (actual)

$4,343 (actual) $4.499M (projected) 29% (projected) 1,297 (projected)

$4,848 ($500 above $4.542M (projected) 34X (projected) 1,256 (projected)
actual level)

$5,348 ($1,000 above $4,598H (projected) 38X (projected) 1,217 (projected)
actual level)

$5,848 ($1,500 above $4.661X (projected) 42% (projected) 1,179 (projected)
actual level)

$3,848 ($500 below $4.475H (projected) 24X (projected) 1,342 (projected)
actual level)

$3,348 (1,00 below $4.485H (projected) 18X (projected 1,390 (projected)
actual level)

$2,848 ($1,500 below $4.554H (projected) 11% (projected) 1,441 (projected)
actual level)

6.0 TO IMPACT OF USING DIFFERENT ACTUARIAL ESTIMATES ON COST OF ACF PER TAKER

All of the previous analyses have been based on the DOD actuarial cost

estimates for the ACF that were in place at the time of the initiation of this

study, (October 1988). These estimates were: $2,888 for each 2-year ACF taker;

$3,750 for each 3-year ACF taker; and $3,895 for each 4-year ACF taker. Based

on more recent experience, the Army Research Institute (ARI) has recently

completed an analysis of the actuarial costs of each of these types of takers to

determine what fraction of the recruits receiving the awards will actually
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utilize them, when, etc. As a result of the Institute's findings, the estimates

were revised: $2,652 for each 2-year ACF taker (down from $2,888), $1,618 for

each 3-year ACF taker (down from $3,750), and $1,152 for each 4-year ACF taker

(down from $3,895). Additionally, the Department of Dofense recently lowered

the weighted actuarial cost of the ACF award to approximately 55 percent of its

previous value.

We were interested in seeing how the incentive cost projections would vary

if the ACF cost estimates by the ARI were used in the budget projection

software. The key caveat to such an exercise is that the regression analysis

(on which the budget projections are based) must utilize the higher actuarial

estimates of the ACF that wore in effect in October 1988. Thus, because there

was no experience included in the regression cells for the typos of prices

associated with the ART estimates, any extrapolations have to be viewed very

cautiously and tentatively.

Before looking at the results, we intuitively note chat with the lower per

unit ACF prices, we would expect the total incentive budget to be substantially

low. We also might expect less utilization of the ACF mechanism, because its

perceived value is less. Consider the results with a new weighted ACF price per

taker of $2,2499 (compared to $3,195) for quarter 9 and $2,23010 (compared to

$3,202) for quarter 10 (see table 26). (These weighted prices were obtained by

assuming the same proportions of 2-, 3-, and 4-year takers of the ACF as

9. This number would be $1,757 if co.sts were lowered 45 percent across

the board.

10. This number would be $1,761 if costs were lowered 45 percent across
the board.
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actually occurred in the 9th and 10th quarters for 11X: namely 65 percent, 26

percent, and 9 percent respectively, for the 9th quarter; and 66 percent, 19

percent, and 15 percent, respectively, for the 10th quarter.)

Table 26. Impact of varying ACF actuarial cost

Total Number Number
Level of ACF Level of EB Incentive of EB of ACE

Quvrter Award nor-Toker Award Per Taker C0t a Takers

9 $3,195 (actual based $4,105 $7.620H 1,026 1,063
on DOD estimates of (actual) (actual)
actuarial cost in
Oct., 1988)

9 $3,195 (actual based $4,105 $7.394H 501 1,670
on DOD estimates (actual) (projected)
in Oct., 1988)

9 $2,249 (actual based $4,105 $5.h27H 570 1,372
on ARI actuarial cost (actual) (projected)
estimates)

10 $3,202 (actual based $4,348 $6.83H 1,029 737
on DOD estimates (actual) (actual)
in Oct., 1988)

10 $3.2L_ (actual based $4,348 $4.499K 300 997
DOD estimates (actual) (projected)

in Oct., 1988)

10 $2,230 (actual based $4,348 $3.282H 338 813
on ARI actuarial (actual) (projected)
cost estimates)

We observe that the optimizing budget is indeed less, i.e., $5.427H versus

$7.39K for quarter 9, when a drop in the ACF price of $946 is assumed. Also, as

perhaps expected, given the manner in which the regression was built, the lower

per unit ACF cost gives rise to a projected lower number of ACF takers (i.e.,

1,372 compared to 1,670) because, with the lower perceived value for the ACF

award, the model assumes that more recruits would prefer the EB.
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We conclude this brief excursion by stating that we feel the model, in its

present form, should not be used to study the allocations to be made if the

actuarial costs associated with the ACF have indeed changed drastically. We

argue this because the model was built on costin& out the ACF mechanism at the

DOD actuarial cost estimates in force in October 1988. We point out, however,

that the regressions, by HOS. could be reestimated straightforwardly by using

the same 10 quarters of data but employing altered estimates for the ACF costs.

These changes could then be included in the PC Budget Projection Software for

use in preparing future budget requests and in executing given budgets.

7.0 POSSIBLE ENHANCEHENTS

The following is a brief list of possible enhancements to the budget

generation models produced by this project:

i) DOD has recently approved a sharp reduction (in the order of 45

percent) in the dollar amounts required to be escrowed for each ACF

taker. Such a reduction changes drastically the relative cost-

effectiveness of the ACF incentive vis a vis an enlistment bonus of a

given size. If USAREG wishes to use the budget generation model in

the context of this reduction in the price of the ACF, should

reestimate the parameters of the decision-making logic using the lower

ACF costs. This would not be an expensive or time-consuming task

because the database (on the number of takers obtained, the recruiting

environment, etc.) is already in place, as are the estimation

techniques.
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ii) After June 1988, USAREC was no longer allowed to award the ACF

incentive for GSA concr~cts in MOSs outside the Combat Arms MOSs.

What has been the impact of this decision on the supply of GSA

recruits in the other MOSs? We recall that over the previous two

quarters (i.e., January 1988-June 1988), 11,835 GSA contracts were

obtained in the non-Combat Arms MOSs at a total cost of $11.525M, or

about $958 per GSA contract. Also, of these 11,835 contracts, 1,212

received the 3-year ACF and 705 received the 4-year ACF.

(Incidentally, 1,204 received the EB benefit at an average level of

$3,917.) 'ith additional experience from quarters beyond June 1988,

the models could be reescimated and new lessons learned.

iii) Many of the nonmonecary incentives (i.e., the 2-year term, unit of

choice, station of choice, etc.) as well as guidance counselor

incentives have been applied only in concert with the monetary

incentives. For example, in the past, where a HOS is prioritized so

that guidance counselors receive cheir own set of rewards if the HOS

is sold off the first three screens (L.e., the first 15 slots

presented to a recruit), the monetary incentives have also been

applied. Are both monetary and guidance counselor incentives

necessary? Could the quotas have been met with just the application

of the guidance counselor incentives? In order to answer these and

other questions, it would be highly desirable to conduct controlled

experiments in selected test cells and to analyze the results of those

tests.
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Iv) There is some interest in possibly changing the advertised value of

the ACF, currently at 17,000 for a 2-year ACF taker, $22,800 for a 3-

year ACF taker, and $25,200 for a 4-year ACF taker. What would be the

xmpacc of such a change on the market-expansion capability of the ACF

if chs were done? One way to obtain some insights into this question

would be to rerun the econometric models, but with a now variable for

the advertised value or benefit of the ACF. That is, in addition to

the present variable, which captures the actuarial value of the ACF,

we could include a variable that captures the advercised value of the

ACF. By reestimating the equations by HOS, one could estimate the

elasticity on supply of a change in the ACF advertised value. This

could be an important justification for such a request.

v) The models could be enhanced by including other demographics and Army

resources that were not available at the time of this study. These

inciudu tht !1va'l of Army advertising, level of joint DOD advertising,

military/civilian pay ratios, the number of GSA eligibles in LU

population, size and mix of Delayed Entry Program, etc. Presently,

because the models include the level of recruiters, one can determine

what additional enlistment incentives might be needed as recruiters

are reduced or some other factor concerning the level of recruiters is

changed. The same types of trade-offs are possible for other Army

recruiting resources and lemographics.

vi) In addition to the ACF and EB, other types of monetary incentives

presently being utilized, such as the Federal Loan Repayment Program,

could be included.
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The above are representative of the powerful extensions possible with this

new tool. 1hon one appreciates the amount of money involved in the use of

incentives (e.g., $1.17 billion dollars spent over FY81-FY86), a level much

hLgher than the expenditure for all Army advertising during the same period, it

behooves the Army to better understand the dynamics and complex interactions of

incentives. Such a capability will be of enormous aid in building and defending

budget requests in the future and in executing present allotments.
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8.0 APPENDIX

A. The Enlistmont Incentive Cost Allocation-Model

The model described herein serves two related purposes: descriptive and

predictive. As a descriptive tool, it is dosigned to explain the observed

pattern of incentive cost and its allocation within a MOS, to identify any

departures of the observed pattern from efficient nentive cost and its

allocation within that HOS, and to quantify the cost of such departures, if

any have occurred. The "observed" pattern of incentive cost and its

allocation refers to historical data by quarter and by recruiting battalion

for the period CY86-CY87 for each of eight HOS groupings. For each MOS

grouping, the observed data consist of 8*54-432 observations capturing both

temporal and geographical experience.

Hore importantly, the model serves a predictive purpose, since it is

capable of ptojecting out-of-sample values of incentive cost and its

allocation. The projection can be based on a continuation of the incentive

cost and its allocation observed within the sample; it can also be based on a

continuation of the efficient incentive cost and its allocation generated from

observed sample data in a mann=r to be described below. The latter

projection, of efficient behavior, is of primary interest.

The model consists of three equations, an incentive-cost equation and a

pair of equations expressing the allocation of incentive cost to its two

component categories, the enlistment bonus (EB) and the Army College Fund

kACF). A minimum incentive-cost equation for a particular MOS can be written:

C - G(Yl, Y2, Y3, Y4, Y5, PI, P2, Nl, N2, ZI, Z2,

Z3, Z4, Z5, QI, Q2, Q3, T) (1)
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where variables are defined as follows:

Variable Acronym Definition

C Cost Total incentive cost in the KOS

Y1 Y! Number of 2-year contracts

Y2 Y2 Number of 3-year contracts

Y3 Y3 Number of contracts longer than 3 years

Y4 OT1GSA Number of GSA contracts in other MOSs

Y5 NONGSA Number of non-GSA contracts in all MOSs

Pi PEB Price of index for EB option

P2 PACF Price of index for ACF option

N1 STATIOND Dummy variable for station of choice

option (-I if available)

N2 UNITD Dummy variable for unit of choice

option (-1 if available)

ZI POINTS Dummy variable for availability of

guidance counselor points for

selling the MOS (-I if yes)

Z2 RECRUIT Number of recruiters

Z3 QHA Size of military eligible population

Z4 UNEMP Unemploymant rate in battalion area

Z5 PCPRES Percentage of time the MOS appeared on

the first three screens

QI QDI Dummy variable for first quarter of CY

Q2 QD2 Dummy variable for second quarter of CY
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Q3 QD3 Dummy variable for third quarter of CY

T YRD Dummy variable for CY86

Sl SHREB PlXl/C - share of EB option in cost

S2 SHRACF P2X2/C - 1 - Si - share of ACF option

in cost

Xl EB Number of takers of the EB option

X2 ACF Number of takers of the ACF option

For this model to be applied empirically, it is necessary to endow the

minimum incentive cost equation with functional structure, and to specify an

estimation technique. The structure should be sufficiently flexible so as to

impose no properties on recruiting technology that are unwarranted by the

data. It should also be sufficiently simple so as to be tractable empirically

in light of the size of the database relative to the number of included

explanatory variables.

A flexible second-order logarithmic specification, dubbed "translog," is

attractive because comparative static effects are easily represented by

elasticities, which facilitate comparisons across different experiments. The

translog incentive-cost equation for a MOS is written as:

3Z
lnC(.) - ao + izI ailnYi + a4lnY4 + a5lnY5 + J, bilnPi

3 3 2 2

+ 1/2 i 1 j=1 aijlnYilnYj + 1/2 i l j~l bijlnPilnPj

3 2 2

+ i~l j-l gijlnYilnPj + jK, diNi elZl

5 3
+ lZ2 eilnZi + i.l qiQi + tT (2)
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Note that (2) is log-quadratic in (YI, Y2, Y3, P1, P2) and log-linear or

linear in the remaining variables. Thus, total incentive cost In a HOS is

influencd primarily by the number and length of term of enlistments desired

in that HOS, by the cost of each of the two monetary Incentives, and also by a

host of other variables, some of which are Army policy variables and others of

which characcerize the environment in which recruiting takes place.

Ic is possible to estimate (2) by itself. l1owever, in order to improve

efficiency in estimation, we add a set of subsidiary equations to (2). A

fundamental result in mathematical programming states that the effect on the

optimal value oir the objective function of a slight relaxation of a constraint

is equal to the optimal value of the endogenous variable whose constraint is

relaxed. In the present context, this result means that the effect on

minimized incentive cost of a change in the unit cost of an incentive equals

the optimal utilization of the incentive whose unit cost changes. Since the

minimum incentive-cost function in (2) is logarithmic, this result means that

the fraction of total incentive cost for a MOS that should be allocated to the

i-tb monetary incentive is given by:

Si(.) dlnC(.)/dlnPi

- bi + Jl bijlnPj + jrl gjilnYj, i-1,2 (3)

where the parameters of (3) are the same as those of (2).

The system (2), (3) describes the determination of efficient incentive
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allocttion Si(.)'-PIXL/C, 1-1,2, and its cost C-P1Xl+P2XZ.

The next problem is to rewrite the system (2), (3) in terms of observed,

possibly Lnefftcient, incentive allocation and its cost. Solution of this

problem not only provides a model suitable for estimation, it also generates

measures of the direction, magnitude, and cost of inefficient incentive

allocation. We begin by rewriting (2), (3) in terms of observed values of

incentive cost and its allocation in a HOS as:

-3 2

InC - ao + i:i ailnYt + a41nY4 + aSlnY5 + bilnPi

+ 1/2 - ji aijlnYilnYJ + 1/21:; j"-l bijlnPilnPj

;-I I j

" in I gijlnYilnPj + ili* i

)

+ i2 eilnZi + il qiQi + tT + uo (4)

Si - bi + jNl bIjlnPj + j;l gjilnYj + u!, 1-1,2 (5)

The left sides of (4), (5) are observed values of incentive cost and its

allocation. The right sides, exclusive of the error terms uo and ul, are seen

from (2), (3) to be the efficient values of incentive costs and its

allocation. The error terms represent the differences between the two, these

differences being attributable to both inefficiencies in the incentive

allocation process and the noise that appears in all such empirical

relationships.

We allow for allocative inefficiencies by assuming that
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E(ui) - Ai - o, i-l,2, so that incentive Xi can be systematically overutilized

(0i > 0), efficiently utilized (0i - 0), or systematically underutilized

(0i < 0). Since even inefficient shares sum to unity, 01 + 02 - 0. Because

the cost of allocative inefficiency is nonnegative, the systematic compo,..nt

of uo, call it Oo, is nonnegative. The easiest way to estimate (4), 5) is to

merge the systematic allocative inefficiencies 01 wirh their respective inter.

cepts bi, and merge the cost of the allocacive inefficiencies Oo with the cost

equation intercept ao, to geat the system:

32

InC - (aO+00) + ailnYi + aflnY4 + a51nY5 + J, bilnPi

+ 1/2 aijlnYilnYj + 1/2 il j-l bijlnPilnPj

3 2 2
+ j 1 j l gijlnYilnPj + J., diNi + elZ1

I I

+ i2 eilnZi + i.l qiQi + rt + (uO-90) (6)

Z 3

Si- (bi+6i) + iEl bijlnPj + j-j gjilnYj + (ui-Di), i+1,2

Note, that now E(uo - Oo) - E(ui - 0i) - 0, i-1,2. We can now evaluate

the efficiency of incentive allocation, with the help of equations (6), (7)

and figure 2. Observed incentive cost shares are given by the left sides of

(7). Observed incentive usage (Xl,X2) is located at point A in figure 2; the

cost of this allocation is C, and it generates Y (-Yl+Y2+Y3) contracts.

Estimated incentive cost shares are given by the right sides of (7).
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Estimated allocative inefficiencies Oi are obtained by subtracting the

estimates of the bi obtained from (6) from the estimated intercepts of (7).

Estimated efficient cost shares are obtained by subtracting the Ci from the

right sides of (7). From these estimated efficient incentive cost shares

estimated efficient incentive usages for observed expenditure level C are

obtained as Xi - (C/Pi)*(estimated efficient incentive cost share), 1-1,2.

In figure 2 the efficient way to allocate observed expenditure C is

indicated by (Xl,X2), located at point B. This efficient allocation of

incentives generates more contracts (Y>Y) from the same expenditure C. One

measure of the efficiency of incentive allocation is (Y/Y), the ratio of

observed to maximum contracts obtained from observed incentive expenditure.

However, we have modeled the Army as trying to minimize the cost of meeting

recruiting goals. In this case, the same efficiency ratio (Y/Y) can be

applied to observed expenditure to obtain an equivalent measure to the

efficiency of incentive allocation, namely, the ratio of minimum to observed

incentive expenditure required to obtain observed contracts Y. Thus,

(Y/Y) (C) - C(.) is the smallest incentive budget capable of generating

observed contracts Y in a given recruiting environment, and this minimum cost

requires efficient incentive usages Xl(.) and X2(.).

In figure 2 the efficient way to generate observed contracts Y is

located a- point E, where G(.) is allocated efficiently to Xl(.) and X2(.).

This finally enables us to obtain an estimate of Oo via Oo - ln(c/C(.)),

thereby providing a complete comparison of observed and estimated efficient

values of incentive cost shares, Incentive usages, and incentive cost. The

technique works, in the sense that it is able to generate efficient behavior

from observed possibly inefficient data, by generating separate estimates of
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the parameters describing recruiting technology and the parameters describing

over. or underutilization of monetary incentives relative to the costs of

using those incentives.

Equations (6), (7) constitute a system of three equations, a cost

equation and two incentive cost-share equations. However, since incentive

cost shares sum to unity, one cost-share equation is redundcnt, leaving two

independent equations to be estimated. Parameters in the deleted incentive

cost-share equation are obtained from the following "adding-up" restrictions:

bI + b2 - I

bll + b21 - 0

b12 + b22 - 0

gll + g12 - 0

g21 + g22 - 0

g31 + g32 - 0 (8)

Writing the system (6), (7) in compact form, we have:

Y -XB + e

where Y is a vector of observed dependent variables, X is a matrix of

explanatory variables, B is a parameter vector constrained by (8) to be

estimated, and 3 is a disturbance vector. The disturbance vector is assumed

to satisfy:
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E(e) - 0

E(eel) - L0

where 0 denotes the Kronecker product and E - (Oij) is a 2*2 symmetric and

positive definite matrix. Nonzero off-diagonal elenents of % signal

correlated disturbances across equations, and suggest that the equations in

the system are only "seemingly unrelated," being related through their

disturbances terms, perhaps as a consequence of omitted variables.

The parameters of the system can, as noted above, be estimated by

ordinary least squares applied to each equation separately. Under assumptions

(10), the parameter estimates are unbiased (apart from the cost-equation

intercept) and consistent. They are not efficient, however, because they

ignore the interdependence among equations caused by correlated disturbances.

A systems estimator is called for. Several are available, the most popular of

which is Zellner's "seemingly unrelated regressions" technique. In this two-

step method, each equation is estimated separately by ordinary least squares,

after which the ordinary least squares residuals are used to form a consistent

estimator L of Z. Second-stage parameter estimates based on 2 are unbiased

(again apart from the cost-equation intercept, which is biased upward),

consistent, and asymptotically efficient. Estimation of the model is carried

out using PROG SYSLIN on SAS.

After estimation, an internal consistency check is performed. The check

is designed to prevent the estimation of the efficient incentive shares that

are neither negative or greater than unity. Refer to estimating equations

(6) and (7). Although observed incentive cost shares are bounded by zero and

one, the adjustments to estimated shares required to create estimated
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efficient shares can force estimated efficient shares outside the unit

interval. This is most likely to happen when observed shares are close to

zero or unity. The consistency check simply adjusts the estimated officlenL

share up to zero or down to unity by increasing or reducing the efficient

share intercept bi up or down by the appropriate amount. The cross-equation

parameter restriction forces the same parameter in the estimated efficient

cost equation, and hence estimated efficient total cost. to be adjusted at the

same time. Estimated efficient incentive usage is also automatically

adjusted; whenever an estimated efficient share is adjusted up to zero or down

to one, the corresponding efficient incentive usage Is adjusted up to zero or

down to total efficient incentive usage. In all instances where such

adjustments have been made, they have been quantitatively small.

A--I


